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STATE  ENGINEER  AND  SURVEYOR. 


Albany,  February  7, 1898. 

To  the  Honorable  the  Speaker  of  the  Aaa&mhly : 

Sir. —  I  hare  the  honor  to  transmit  herewith  my  annaal  report 
for  the  fiscal  year  ending  September  30,  1897. 

CAMPBELL  W.  ADAMS, 
State  Ejvgmeer  amd  Surveyor. 


REPORT. 


Offiob  of  ths  Stats  Enginbbb  and  Surveyor^ 

Albany,  N.  Y.,  Ff^bruary  7, 1898. 

To  the  Honor  (Me  the  Legislature  of  the  State  of  New  York: 

New  York  State  is  exceptionally  endowed  with  natural  advan- 
tages for  the  attraction  of  a  large  population,  and  the  creation 

and  accommodation  of  a  great  commerce.    The  shores  of  eight 

% 
populous,  industrious  and  growing  states  are  washed  by  the 

waters  of  the  great  lakes,  and  to  the  north,  and  sharing  in  the 
ownership  and  use  of  these  expansive  stretches  of  navigable 
waters,  is  another  nation,  alien,  but  of  common  ancestry  and 
tongue. 

Fortunately  situated  at  the  eastern  extremity  of  these  waters, 
New  York  stands  as  the  natural  outlet  for  the  commerce  created 
in  or  contributory  to  the  States  bordering  on  the  great  lakes. 
But  this  eastern  extremity  of  the  chain  of  lakes  is  the  western 
boundary  of  the  State  of  New  York,  across  whose  broad  acres 
this  rieh,  continuous  and  expanding  commerce  must  find  its  way 
to  the  sea.  In  supplementing  the  natural  advantages  thus  pos- 
sessed by  the  State  in  the  construction  of  the  Erie  canal,  the 
statesmen  of  a  century  ago  builded  infinitely  wiser  than  they 
knew,  but  with  a  prescience,  nevertheless,  which  has  placed  us, 
their  successors,  under  debts  of  gratitude  which  we  should  never 
cease  to  proclaim,  not  necessarily  by  empty  and  perhaps  forgotten 
words,  but  by  seeing  to  it,  as  a  State,  that  we  most  jealously 
guard  this  great  heritage  as  the  richest  jewel  in  our  commercial 
casket — ^the  very  well-spring  of  our  industrial  life. 
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Along  our  northern  border  stretches  a  great  competitive  high- 
way, the  possession  of  an  alert,  restless  and  ambitious  people,  to 
whom  an  active  commerce  is  the  very  breath  of  their  nostrils. 
These  people  are  toiling  for  and  dreaming  of  the  day  when  the 
commerce  that  has  enriched  and  made  New  York  the  Empire 
State  of  the  Union  shall  be  diverted  by  their  own  St.  Lawrence 
to  the  sea  and  thence  to  the  uttermost  parts  of  the  earth.  As 
we  note  the  earnest  efforts  and  heed  the  generous  sacrifices  made 
by  our  northern  commercial  rivals,  and  as  we  meel^  them  with  in- 
creasing accommodations  for  our  growing  traffic,  we  shall  demon- 
strate our  ability  to  retain  our  commercial  supremacy. 

Within  sight  of  Canada's  commercial  metropolis,  almost,  a 
canal  taps  the  St.  Lawrence,  which  leads  to  Lake  Champlain,  at 
the  southern  end  of  which  the  enterprise  and  industry  of  our 
early-day  statesmen  constructed  the  Champlain  canal,  by  whi»3h 
the  St.  Lawrence  and  the  Hudson- are  united  in  one  unbroken 
navigable  highway. 

To  the  east,  Long  Island  Sound  and  the  Atlantic  Ocean,  and  to 
the  south  and  west  the  Baritan  river  and  its  tributaries,  all  con- 
tribute, along  waterways  of  ample  depth  and  commodious 
breadth,  another  highway  of  commerce  that  New  York  has  but 
to  take  full  advantage  of  to  defy  for  all  time  the  most  strenuous 
efforts  of  rival  States  to  either  equal  or  measurably  approach. 

Thus  it  is  that  the  people  of  New  York,  in  days  gone  by,  have 
supplemented  the  bounties  of  nature  by  the  creation  of  these 
artificial  waterways  that  have,  with  their  natural  connections, 
made  of  New  York  a  huge  artificial  island,  pierced  and  sur- 
rounded by  navigable  streams,  all  bearing  their  rich  and  enrich- 
ing burdens  of  commerce. 
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A  glance  backward  is  instructive,  as  showing  whether  New 
Tork  has  always  been  the  great  commercial  center  of  this  con- 
tinent that  it  is  now.  In  a  publication  issued  by  the  Federal 
gOTernment  is  found  a  compilation  of  "  Trade  between  the  Ameri- 
can Ck)lonies  and  Great  Britain,"  copied  from  *^  Hazard's  Commer- 
cial and  Statistical  Register,"  extending  back  just  two  centuries, 
but  closing  with  1776.  The  then  impending  war  makes  it  inad- 
visable to  show  by  i)eriodic  contrast  the  commerce  of  the  year 
1776,  which  had  fallen  to  almost  nothing,  wherefore  the  year  1774 
is  selected  to  close  the  accompanying  table,  as  being  a  fairer  indi- 
cation of  the  comparative  trade  of  the  several  colonies  quoted. 
In  periods  of  ten  years  apart,  therefore,  with  the  single  exception 
jnst  indicated,  will  be  shown  the  trade,  expressed  in  pounds,  Eng- 
lish money,  thus  conducted,  and  as  shared  by  New  England,  New 
York,  Virginia,  Maryland  and  Carolina,  which  were  during  that 
period  the  leading  American  colonies. 

Table  showing  the  trade  between  the  American  colonies  and  Cheat 
Britain^  helnjoe^n  165^7  and  1774,  im,  ten-yea/r  periods. 


TBAB. 

Kew  England. 

Nbw  Yobk. 

Virginia  and 
Mabyland. 

Cabot.tna. 

Exports. 

Importa. 

Exports. 

Imports. 

Exports. 

Imports. 

Exports. 

Imports. 

IWI 

1707 

1T17 

1727 

1787 

1747 

1757 

1767 

1774 

26,282 
38,7M 
S8,898 
75,I52 
63.347 
41,771 
27,556 
128,217 
112,248 

68,468 
120,631 
132,081 
187,277 
223,823 
210,840 
883,404 
406,881 
582,476 

10,093 
14,288 
24,534 
81,617 
18,833 
14,092 
19,168 
61,422 
80,808 

4,578 

29,855 

44,140 

87,452 

125,833 

137.984 

353,311 

417.867 

437,037 

227.758 
207.825 
296.884 
4n,588 
492,246 
402,618 
418.881 
487.836 
612,830 

58,796 
237.901 
215,962 
192,965 
211,301 
260.088 
426,687 
437.628 
528,738 

12,374 

23,311 

41,375 

96.056 

187,768 

187,580 

138.888 

895,027 

432,302 

5,289 

10,492 

25,038 

23,254 

58.986 

85,529 

213,949 

244,093 

878,116 

It  is  impossible,  and  it  would  be  unsatisfactory,  to  carry  this 
comvpilation  down  during  the  period  of  the  Eevolution.  Even 
the  six  years  of  stagnation  that  succeeded  the  close  of  that  strug- 
gle would  give  but  little,  if  any,  indications  of  the  real  relative 
commercial  strength  of  the  several  new  states.    After  the  United 
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States  had  secured  a  stable  and  strong  goTemment  nnder  the  new 
Constitation,  commercial  statistics  were  not  gathered  with  saoh 
a  degree  of  a^curai^  as  to  merit  absolute  reliance  wpon  them. 
For  instance,  np  to  1821,  when  the  methods  of  statietical  compila- 
tion now  in  vogue  were  adopted  by  the  general  government,  there 
is  nothing  to  show  the  relative  propOTtions  of  imports  received 
in  the  several  States,  except  by  a  comparison  of  the  duties  col- 
lected therein.  Fortunately,  however,  the  statisticB  of  exports 
were  more  carefally  compiled,  on  which  account  it  is  possible  to 
present  by  Stat^  the  value  of  their  exports,  which  will  be  done 
in  the  following  table,  in  ten-year  periods,  beginning  with  the 
year  1791: 

Table  showing  the  escorts  from  the  leading  Atlantic  arid  (hdf 
States  during  110  years,  in  tetiryear  periods,  expressed  in 
doUars. 


TEAR. 

DhuKtta 

Mew  York 

tiporta. 

•ipoTta. 

LonbUu 

1« 

ii.tu.ni 

7,7M,7M 

7s.H4,a»a 

77,10i.8M 

«:       > 

is        [■ 

1     1 

ne       ! 

t.Sll,713 
3.77l»,727 

B,Ma.<iae 
limits 
»3,e7«,fi»5 

1<,BM,MB 

LBgum 

B.  675,91)1 
IS.  818,678 

i!.6te.»io 

12,»0i,Ul 

187  

!S::::: 

ia3,e»,iu 

i<»,l08,OSI 

In  order  that  the  study  of  our  imports  by  States  may  be  made 
comparatively,  an  nearly  as  the  statistics  available  will  permit, 
the  following  table  will  contain,  under  the  names  of  the  several 
States  already  enumerated  above,  for  the  ten-year  periods  1791, 
1801  and  1811,  the  amount  of  customs  duties  collected,  and 
thereafter,  in  ten-year  periods,  b^inning  with  1S21,  and  ending 
with  1891,  the  actual  imports  by  States: 
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TtMe  ihowMig  the  awttome  duties  eoUected  m  tan-year  periods 
from  1791  to  1811,  inclusvvey  and  thereaft&r,  in  ten-year 
periods,  the  imports  hy  States  from  1821  io  1891,  J>otk 
indusive,  etepressed  in  dollars. 

CUSTOMS  DDTIBS  OK  FOREIGN  HEBCHJLNDISE  UIPORIED. 


TBAB. 

ehn»ett«. 

NswTork 

Pmn- 

HurUnd. 

Tlrglni^ 

Sootb 

^^.. 

4,4*1.677 

l*,8M,Tai 

10,318.003 
JI.T1S,127 
15.3M,8M 

M.MB.2rra 

a2.3Sfl.T2B 
71.418,501 

ll,Mfl.OM 
t.lW4,iS3 

33S2».24( 

76:TiMa 

1S7!40S>2« 
»Te.9Sl,804 

ss«;«es;7i7 

•1,475.428 
8.703.898 
!,MM.g3S 

IMP 
M           K 

IC           » 
13           lg 

n        1! 

*HI,»U 

2,»7.M« 

i,ijsi.aM 
oaTfl. 

4           1! 

t        i; 

»           )7 

»»)S,«87 
BM.IH 

114.  got 

l.OTP,4»ll 
488,522 

U8,'«33 

i'i 

IBe,K4 

•ios,e»i 

3.007,118 
1,!38,1«3 
1.SST.43 

'S06|48 
821.80 
787,83 
1.083,731 

IMl 

IMl 

IK\,V." 

IMI 

M71 

Ml 

ilM,OM 
3.370,717 

>.i<i«.sg8 

10,!M;»M 
12,828,460 
•  22.923, 77» 
1».427,238 

2o;2e7,oflo 

There  is  much  that  is  valuable  and  impressive  in  these  data. 
They  can  not  be  deeply  studied  and  carefully  reflected  upon  with- 
out suggesting  the  probable  reaaona  for  the  growth  and  decline 
of  States.  No  State  can  be  great  and  not  possess  an  active  com- 
merce. Decay  awaits  stagnation.  Whatever  the  causes  that 
lead  to  a  decline  in  commerce,  they  are  the  causes  that  sap  the 
life  of  the  State.  Let  this  indicator  be  long  unobserved,  and 
the  seeds  of  decay  may  have  become  so  deeply  implanted  that 
the  most  radical  remedies  and  the  most  careful  nursing  will  be 
necessary  to  secure  relief  and  recovery.  New  York  has  not 
reached  this  Btage,  as  yet.  It  never  should,  and  it  never  will,  if 
its  people  are  but  alive  to  their  duties  and  their  opportunities. 

Imports  have  been  the  great  bed-rock  of  oui-  commercial  super- 
fltructure,  for  nearly  a  century.  Even  back  of  that,  however, 
while  our  commercial  growth,  in  imports,  was  as  I'emarkable  as 
it  was  rapid,  yet,  at  one  period,  at  least,  Massachusetts  slightly 
led.     It  required  seventy  long  years  for  New  York  to  pass  Kew 
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England,  before  the  Revolution,  in  the  matter  of  imports.  And 
we  have  but  to  refer  to  the  record  to  see  how  tenaciously  Massa- 
chusetts held  to  New  York  during  the  first  twenty  years  of  our 
national  life.  These  lessons  are  impressive.  They  must  not  be 
forgotten.  It  may  not  be  New  England  that  we  need  fear  again, 
but  the  commerical  conqueror  of  New  York  may  be  to  the  south, 
nevertheless,  but  quite  unlikely  in  the  west.  During  the  last 
century  Virginia  and  Maryland  were  invulnerable,  commercially. 
The  value  of  their  commerce  was  almost  continuously  double 
that  of  any  of  the  other  colonies,  but  Carolina  became  remark- 
ably vigorous  and  expansive  just  preceding  the  Revolution. 
Indeed,  that  colony  pressed  hard  upon  New  York,  and  passed  her 
with  flying  colors  in  the  early  part  of  the  last  century,  a  lead 
which  she  held  until  the  Revolutionary  war  changed  things.  But 
even  after  the  new  constitution  had  gone  into  effect,  while  New 
York  far  exceeded  South  Carolina  in  the  matter  of  imports,  yet 
the  latter  led  New  York  in  the  volume  of  her  exports. 

So,  we  see,  commerce  has  no  hard  and  fast  abiding  place.  It 
is  as  mobile  as  the  water  that  floats  it.  This  is  a  fact  never  to 
be  lost  sight  o^.  The  mutations  of  time  have  dealt  hardly  with 
some  of  our  States,  commercially,  as  the  data  tabulated  above 
will  show.  In  exports  Massachusetts,  Pennsylvania,  Virginia 
and  South  Carolina  all  led  New  York  a  hundred  years  ago.  In 
exports,  as  we  shall  see  presently,  Louisiana  led  New  York  for 
several  successive  years  just  preceding  the  civil  war.  That  war 
was  disastrous  to  Louisiana  in  many  ways,  but  in  none  so  dis- 
astrous as  commercially.  It  has  i^equired  a  third  of  a  century  for 
Louisiana  to  recover,  and  she  has  not  even  done  so  yet,  while 
New  York  has  been  advancing,  not  so  steadily  as  she  might,  but 
to  a  degree  that  Louisiana  might  well  envy. 
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The  wealth  of  an  empire  is  New  York's,  all  because  of  the  in- 
domitable energy  and  far-seeing  statesmanship  of  the  heroic 
figureB'of  a*  centnry  ago. 

wnbiere  the  ship  brings  her  import  cargo,  there  she  will  also 
seek  her  export  cargo,  and  a  profitable  business  is  assured  to 
the  port  that  can  measureably  command  both,  in  a  fair  d^ree  of 
proportion.  The  character  of  the  exports  of  the  United  States, 
their  bulkiness  as  compared  with  their  value,  still  assures  to 
New  Tork  this  boon.  Ships  still  come  here  in  ballast,  and  few 
leave  without  cargoes.  But  there  is,  nevertheless,  a  proportional 
decline  to  be  noted  in  New  York's  export  business  that  will, 
later,  be  dwelt  upon,  and  some  of  the  causes  explained,  more  in 
detail. 

One  of  the  present  strongest  reliances  of  New  York,  is  the 
large  and  growing  population.  So  long  as  this  growth  con- 
tinues, its  supremacy  in  commerce  may  be  reasonably  expected. 
A  population  so  dense  as  that  inhabiting  the  port  of  New  York, 
and  its  suburbs,  creates  a  vast  commerce  in  the  carrying  of  the 
things  that  are  consumed,  and  in  bringing  away  the  surplus  pro- 
ductions that  are  sold. 

There  is  a  weakness  in  the  very  strength  of  the  port  of  New 
York,  in  this  very  respect.  While  New  York  is  by  far  the  lead- 
ing manufacturing  city  in  the  United  States,  yet  there  is  a  dan- 
ger in  the  fact  that  the  things  manufactured  are  produced  from 
materials  often  brought  from  long  distances.  And  the  things 
manufactured  are  often  carried  equally  long  distances  before 
being  sold.  When  matters  reach  that  stage  of  perfection  that 
the  point  of  producing  manufactures  comes  nearer  to  the  place 
where  the  raw  materials  used  are  produced,  New  York's  manu- 
facturing and  commercial  danger  will  be  much  more  imminent 
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than  now.  Commerce  being  a  product  of  transportation,  we- 
must  see  to  it,  and  that  vigilantly,  that  the  cost  of  transporta- 
tion,  by  being  constantly  at  the  minimum,  shall  be  the  least  dis- 
turbing factor  in  our  industrial  and  commercial  growth.  As 
transportation  is  cheapened,  production  in<*reases,  and  commerce 
grows.  The  distance  from  which  materials  may  be  brought  to  bo 
consumed  and  transformed  into  manufactures  may  be  still  fur- 
ther removed  from  the  point  of  manufacture,  if  the  cost  of  trans- 
portation may  be  lowered.  The  lowering  of  the  cost  of  transpor- 
tation cheapens  the  cost  of  living,  and  enables  us  to  consume 
more.  There  is  a  double  advantage,  and  especially  to  a  com- 
munity like  New  York,  in  cheapened  transportation.  It  not  only 
affects  the  things  brought  to  us,  and  reduces  their  cost,  but  the 
area  in  which  the  products  of  New  York  may  be  profitably  sold 
increases  with  each  reduction  in  the  cost  of  transportation.  Were 
the  cost  of  transportation  wholly  eliminated,  then,  of  course,  th(r 
cost  of  production  being  equal.  New  York  could  compete  with 
any  other  place.  We  must  see  to  it,  therefore,  that  every  im- 
pediment to  reduce  transportation  charges  is  removed,  and  that 
no  others  are  permitted  to  rise  up  in  their  places. 

Cheap  transportation  is  New  York's  most  vital  necessity. 
Upon  that  hinges  the  success  or  failure  of  the  business  trans- 
acted. If  it  be  low,  business  increases,  profits  are  greater,  in- 
dustry is  stimulated,  foods  are  cheapened,  and  prosperity  reigna 
on  every  hand.  If  it  be  high,  business  shrinks,  profits  are  cur- 
tailed, labor  is  idle,  foods  are  dearer,  and  misery  and  want  take 
the  place  of  industry  and  contentment. 

Blessed,  indeed,  is  the  State,  therefore,  that  possesses  the  means^ 
for  minimizing  transportation  charges!  In  this  respect  New  York 
Ib  most  signally  fortunate,  so  fortunate,  indeed,  that  its  people 
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liave  even  become  indifferent  to  these  very  primary  but  vital 
truths.  A  State  less  fortunate  than  New  York  would  have,  from 
very  necessity,  been  obliged  to  improve  every  opportunity  to 
•accomplish  by  alertness,  vigilance,  industry,  perseverance  and 
energy  what  New  York,  from  its  unparalleled  advantages,  has 
been  able  to  neglect,  and  yet  hold  fast  to. 

New  York's  canals,  the  free  gift  of  a  great  and  prosperous 
people  to  commerce,  must  be  utilized  to  their  uttermost.  Only  by 
«o  doing,  will  the  lowest  transportation  charges  be  steadily  forced. 
As  we  relax  in  this  respect,  up  go  the  rates  and  away  goes  the 
business.  As  we  reapply  ourselves  to  the  problem  of  reduced 
transportation  charges,  and  succeed,  down  go  the  rates  and  back 
comes  the  trade.    The  one  is  as  inevitable  as  the  other. 

The  accessories  to  comnierce,  sufficient  docks,  available  ware- 
houses, with  every  possible  appliance  that  expedites  and  cheapens 
handling,  must  always  be  so  ample,  so  numerous,  so  cheap,  so 
accessible,  as  to  always  keep  in  advance  of  demand.  However 
ample  and  extensive  our  waterways,  if  the  means  be  not  at  hand 
for  accommodating  and  at  reasonable  rates,  all  of  the  commerce 
that  would  naturally  be  attracted  to  these  waterways,  the  benefi- 
cence of  them  is  wasted.  In  this  respect  New  York,  the  great 
City  of  New  York»  has  been  extravagantly  wasteful. 

These  may  seem  trite,  and  even  tiresome,  truths.  But  the 
people  of  New  York,  both  as  a  great  municipality  and  as  a  greater 
State,  have  either  forgotten  or  become  so  indifferent  to  them  as 
to  witness  with  apathy  the  loss  of  a  commerce  that  any  other  port 
in  the  country  would  pour  out  millions  upon  millions  to  secure, 
and  never  abate  its  efforts  to  retain  and  increase. 

While  guarding  with  the  most  unrelaxing  watchfulness  and 
solicitude  the  adequacy  and  efficiency  of  our  canals,  let  us  not 
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imagine  that  our  duty  has  been  performed  if,  at  terminals,  con- 
ditions exist  that  practically  nullify  all  that  these  canals  are 
capable  of  accomplishing  in  the  way  of  reduced  transportation 
charges,  in  increased  commerce  and  greater  industry.  There  i& 
the  vital  spot  in  which  New  York  has  becfn  far  too  lax,  too  neglect- 
ful, too  indifferent.  Let  the  abuses  and  the  obstacles  existing  at 
terminals  be  removed  and  every  other  reform  will  rapidly  follow. 
Let  the  terminal  abuses  remain  and  no  improvements  in  water- 
ways will  outweigh  or  overcome  them.  New  York,  as  a  city  and 
as  a  State,  must  fearlessly  face  and  determinedly  master  the  com- 
mercial crisis  that  now  confronts  them  both. 

Our  domestic  commerce  is  something  that  should  command 
much  more  of  our  attention  than  it  receives.  Whether  it  grows 
or  shrinks,  we  know  not.  There  is  nothing  being  done,  officially 
or  unofficially,  to  tell  us.  It  is  a  closed  book.  Its  importance  far 
outweighs  the  value  or  the  volume  of  our  foreign  commerce.  The 
latter  is  a  reliable  commercial  thermometer,  because  of  its  un- 
questionable statistical  accuracy  under  present  methods  of  com- 
pilation. It  is  a  duty  that  the  State  owes  to  its  citizens  that  such 
steps  should  be  taken  as  will  enable  its  people  to  know  whether 
the  domestic  commerce  of  the  State  is  in  the  same  boat  with  the 
foreign  commerce.  Some  system  can  be  devised,  beyond  a  doubt, 
that  will  afford  a  basis  for  ascertaining  how  this  is,  and  until  it  is 
known,  we  are  but  groping  in  the  dark,  perhaps.  Once  known, 
the  weak  points  may  be  strengthened  and  fortified  and  the  strong 
ones  made  still  stronger.  Knowing  practically  nothing,  in  this 
respect,  practically  nothing  can  be  suggested  for  remedy,  if,  in- 
deed, remedy  is  required. 

So  long  have  we  believed  that  "  westward  the  course  of  empire 
takes  its  way,"  that  it  is  in  that  direction  almost  wholly  in  which 
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we  haye  been  wont  to  look  for  indn«trial  growth.  Many  of  ua 
have  had  our  eyes  tightly  shut  to  the  growing  importance  of  the 
New  South,  industrially  and  cooumeroially.  The  rude  shock  which 
recent  developmients  in  cotton-manufacturing  New  England  has 
given  the  country,  has  awakened  unbounded  surprise  and  much 
alarm.  New  England's  manufacturing  supremacy,  and  in  cottons, 
is  boldly  challenged !  The  South  is  again  in  the  saddle,  but  this 
time  industrially.  As  we  applaud,  and  as  we  admire,  let  us  also 
study.' 

Why  not  New  York,  if  New  England's  manufacturing  pre- 
eminence is  threatened?  What  will  save  New  York  if  New  Eng- 
land is  in  danger?  If  the  South  can  conquer  New  England  why 
not  New  York,  in  manufacturing?  Shall  we  feel  sorry  for  New 
England  and  glad  for  the  South,  and  regardless  of  ourselves?  The 
warning  is  written  large  for  us  if  we  will  but  read  it.  Indeed,  we 
must  read  and  understand  it  or  we  shall  succumb. 

As  has  previously  been  stated,  New  York  is  the  greatest  manu- 
facturing State  in  the  Union.  We  shall  not  lose  our  hold  in  a 
day.  We  need  not  lost  it  at  all,  if  we  but  utilize  our  resources 
for  cheap  transportation.  Accomplishing  all  that  we  are  capable 
of  in  the  direction  of  lowering  freight  charges,  we  shall  be  meeting 
new  conditions  properly.  If  the  South  to-day  can  transform  its 
own  raw  materials  into  finished  products,  to  the  loss  of  New 
England,  to-morrow  the  fate  of  New  York  may  be  in  doubt.  There 
is  a  gigantic  struggle  ahead,  and  New  York  must,  commercially 
speaking,  strip  for  the  contest.  Not  a  tithe  of  the  things  con- 
sumed in  this  State  is  produced  within  its  borders.  Transporta- 
tion brings  the  raw  materials  here  and  transportation  takes  the 
finished  products  hence.  How  can  we  escape  the  force  of  the 
statement  that  our  industrial  and  commercial  supremacy  hinges 
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upon  the  loweBt  possible  transportation  charges?  How  shall  we 
secure  them,  except  through  the  medium  of  our  canals  and  natural 
waterways,  with  every  accommodation  for  the  handling  of  traffic 
that  the  ingenuity  of  man  can  devise? 

When  New  York  loses  her  commercial  supremacy,  gradually 
her  manufacturing  pre-eminence,  her  financial  domination  and 
finally  her  numerical  strength  will  become  impaired.  As  we 
force  down  transportation  charges,  we  defer  these  losses  and 

« 

impairments. 

As  regulators  of  freight  rates.  New  York's  canals  still  exert  a 
potential  influence  upon  transportation  routes.  As  these  canals 
become  inefficient  their  influence  wanes.  And,  as  we  have  shown, 
they  may  become  inefficient  wholly  outside  of  their  prisms  and 
structures  —  at  terminals.  When  the  competing  routes  of  trans- 
portation are  able  to  put  such  a  brake  upon  canal  transportation 
efficiency  as  is  the  case  in  New  York,  the  remedy  lies  in  looking  to 
the  weapons  in  the  hands  of  these  competitors,  and  they  must  be 
disarmed  of  them. 

Imports,  because  of  their  large  value  and  »mall  bulk,  and  be- 
cause methods  of  handling  and  charges  therefor  are  more  uniform 
in  all  of  our  ports,  New  York  included,  have  not  seriously  or 
appreciably  diminished  at  the  port  of  New  York.  During  more 
than  forty  years,  New  York's  proportion  of  the  nation's  entire 
imports  has  fluctuated  around  an  average  of  two^thirds.  There  is 
warning  in  the  fact,  however,  that  it  is  forty  years  since  New 
York's  imports  were  such  a  small  proportion  of  the  nation's  total 
as  last  year.  And  yet,  last  year  it  was  62.07  per  cent,  of  the 
nation's  total. 

It  is  only  the  more  bulky  of  our  imports  that  are  carried 
through  the  canals.     Nevertheless  the  canals  flx  the  rates  of 
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freight  charges,  probahly,  upon  many  times  more  traffic  than 
actually  employs  the  canals.  Therein  are  their  great  value  and 
potency.  It  is  not  the  traffic  that  the  canals  carry  that  is  the 
measmre  of  their  influence  or  value,  but  the  traffic  upon  which 
tliej  fix  the  transportation  rates.  Hence,  the  attention  that  is 
drawn  to  the  dwindling  volume  of  canal  commerce,  with  sugges- 
tions of  their  destroyed  or  lost  influence  or  value,  has  behind  it  a 
motive  that  may  be  quite  disinterested,  but  which  will  bear  ex- 
amination and  watching.  The  diminution  of  canal  traffic  is  an 
evidence  that  causes  exist  which  imipair  their  usefulness.  It  is 
still  a  truth  that  there  is  a  large  profit  in  canal  transportation  at 
rates  one-half  and  even  one-third  of  those  that  express  the  actual 
<rost  of  competing  rail  transportation.  It  is  a  foregone  conclusion, 
therefore,  that  it  is  not  that  canals  are  losing  their  value,  but 
posmbly  their  efficiency,  that  a  diminished  commerce  su^ests. 
The  remedy  is  not  to  abandon  the  canals — which  their  rivals  would 
welcome  and  the  people  would  deplore — ^but  to  improve  them, 
both  in  their  prisms  and  at  terminals,  wherever  their  influence  or 
valne  is  impaired. 

One  of  the  conspicuous  evils  of  iiresent  canal  transportation  is 
the  lack  of  efficient  organization  in  their  operation.  There  is 
nothing  to  justify  reliance  upon  the  ability  of  the  men  now  oper- 
ating New  York's  canals  to  properly  handle  a  larger  traffic.  The 
i-onfidence  reposed  in  business  organizations  is  not  extended  to 
the  men  now  engaged  in  navigating  New  York's  canals,  for  the 
reason  that  they  are  irresponsible  and  unorganized,  and  are  un- 
able, as  a  consequence,  to  give  the  accommodations  to  commerce 
that  competing  routes,  with  higher  transportation  rates,  are  able 
to  and  do  give.  There  must  be  better  organization,  under  re- 
sponsible management,  and  with  no  limitations  upon  its  efforts. 
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Then  the  scope  of  their  efforts  will  be  very  greatly  and  quite 
wisely  extended.  But  this  cannot  even  be  inaugurated  at  pren- 
ent.  The  Legislature  has  seen  fit  to  place  a  limit  of  |50,000  uiwn 
the  amount  of  capital  stock  of  corporations  doing  business  upon 
the  canals.  At  best,  the  difficulties  of  dJeveloping  a  business  that 
©hall  be  regular,  systematized  and  permanent  upon  New  York's 
cahals  will  be  many  and  perplexing,  but  this  limitation  of  capital 
makes  them  insurmountable.  Such  a  limitation  at  once  pre- 
cludes corporations  from  acquiring  their  own  terminals,  which 
latter  are  the  prime  essentials  to  a  successful  and  stable  business. 
Everything  that  can  be  done  ought  to  be  be  done  to  promote 
and  facilitarf:e  transportation  by  the  canalia  by  the  State.  Consid- 
ering  the  influence  of  low  transx>ortaition  rates  upon  industry,  and 
which  adequate  and  efficient  canals  compel,  no  insurmountable 
barrier  in  the  way  of  securing  that  very  thing  ought  to  be  upon 
the  statutes  of  this  State.  It  is  the  good  of  the  State  that  the 
canals  are  constructed  and  maintained  to  serve,  and  for  this  rea- 
son the  limitation  ui>on  the  amount  of  capital  stock  of  companies 
dioing  business  upon  the  canals  ought  to  be  removed.  No  injury 
to  the  present  canal  boatmen  would  follow.  But  it  is  not  the 
boatmen  that  New  York's  canals  were  constructed  to  serve,  but 
commerce,  and  it  is  only  served  properly  when  it  is  transported 
at  the  minimum  of  expense.  If  corporations  can  profitably  re- 
duce the  rates  of  transportation  on  the  canals,  then  they  serve 
the  very  purpose  for  which  the  canals  were  constructed,  and  for 
which  they  are  maintained  free  of  tolls.  If  corporations  cannot 
reduce  the  cost  of  transportation,  then  they  cannot  injure  the 
boatmen  now  doing  business  thereon.  If  corporations  are  willing 
to  take  the  risk,  therefore,  of  buildin^g  up  profitable  business  upon 
the  canals,  by  utilizing  them  as  they  were  intended  to  be  utilized, 
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the  State  should  welcome  instead  of  repel  them.  They  will  serve 
the  people  if  they  reduce  rates  of  transportation.  They  will 
merely  niin  themselves  if  they  fail  to  do  this. 

The  great  factor  to-day  in  determining  the  point  of  shipment 
for  exports  is  ^cheapness  of  transfer  at  the  seaboard  terminal. 
While  canal  rates  may  be  low,  transfer  charges  are  always  high, 
in  New  York,  and  the  result  is  a  diminished  export  business.  New 
York's  shortsightedness  is  her  loss;  it  is  also  the  gain  of  Boston 
and  Baltimore,  and  Philadelphia  and  Newport  News.  To  some 
extent  the  benefits  are  felt  in  New  Orleans,  and  even  im  Galves- 
ton, of  New  York's  comm.ercial  blindness.  It  is  true  that  a  rail- 
road discrimination  favors  Philadelphia  and  Baltimore;  so  do 
New  York's  port  charges  favor  those  and  other  ports. 

At  Newport  News  the  cost  of  transferring  grain  from  railroad 
car  to  ship  is  such  a  trifle  that  it  is  not  considered  in  the  through 
freight  charge.  At  New  York  it  is  a  tangible  and  a  formidable 
factor.  New  York's  transfer  charges  are  often  as  great  as  the 
transportation  charges  from  Buffalo,  500  miles  distant  from  New 
York.  Of  course  New  York  cannot  permit  this  forever.  It  be- 
comes  merely  a  question  of  how  soon  she  will  stop  it,  or  her  ex- 
port trade,  in  cereals  and  flour,  will  have  totally  disappeared. 
But  the  expenses  of  handling  grain  atNew  York  is  avital  question 
to  the  people,  because  more  comes  here  and  is  consumed  here,  than 
is  exported.  So,  the  people,  too,  are  being  mulcted  in  high  charges 
for  the  handling  of  their  food  stuffs.  The  abatement  of  these 
charges  enlarges  the  opportunities  for  profitable  competitive 
production.    As  they  are  increased,  industries  will  languish. 

The  State  of  New  York  may  have  done  its  duty  by  commerce 
when  it  constructed  and  while  it  maintains  free  of  all  tolls  its 
canals;     But  it  does  not  do  its  duty  by  its  citizens  when  it  i)ermit4 
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these  canals,  these  natural  attractors  of  commerce,  theee  natural 
regulators  of  low  transportation  charges,  to  be  throttled  at  either 
end  of  their  length,  and  all  of  the  good  that  they  do  become  nfuUi- 
fied.  That  is  the  situation  to-day,  and  unless  the  State  steps  in 
and  asserts  its  authority  and  exercises  its  right  to  remove  every 
obstacle  that  now  lies  in  the  way  of  the  freest  and  fullest  use  of 
the  canals  of  which  they  are  capable,  its  commerce  will  continue 
to  proportionately  diminish. 

The  canals  are  now  being  so  improved  as  to  accommiodate  boats 
with  loads  64  per  cent,  larger  than  now.  This  improvement  will 
be  unavailing  unless  there  are  changes  in  New  York's  terminal 
charges. 

Major  Thomas  W.  Symons,  an  officer  in  the  Engineer  Corps, 
United  States  Army,  stationed  at  Buffalo  for  several  years,  last 
year  made  a  preliminary  examination  of  the  various  suggested 
routes  for  a  ship  canal  through  the  State  of  New  York,  under  the 
direction  of  the  Secretary  of  War.  His  report,  rendered  on  June 
23,  1897,  covers  110  pages  of  printed  matter,  including  several 
mai)6  and  illustrations  of  value.  This  report,  known  for  identi- 
fication purposes  as  "Document  No.  86,  House  of  Representatives, 
Fifty-fifth  Congress,  first  session,"  is  entitled  "  Preliminary  Ex- 
amination for  a  Ship  Canal  from  the  Great  Lakes  to  the  Navi- 
gable Waters  of  the  Hudson  Eiver."  Toward  the  end  of  this 
document,  the  officer  in  question  describtb  the  t*harges  and 
methods  for  handling  grain  in  Buffalo  and  in  New  York,  in 
minute  detail.  What  he  says  is  pertinent  to  the  discussion  of 
New  York's  commerce.  The  re  is  no  reason  to  believe  that  any  of 
his  statements  are  erroneous.  The  writer  has  failed  to  see  them 
challenged  or  contradicfcd. 
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The  distance  from  Chicago  to  Buffalo  is  nearly  900  miles,  and 
from  Dnlnth  to  Buffalo  just  1,000  miles.  Lake  ships  are  four 
and  five  days,  respectively,  in  making  the  passage  from  the  ports 
named  to  Buffalo,  with  grain  cargoes.  Luke  ships  charged  an 
average  of  1.35  cents  a  bushel  for  carrying  wheat,  from  Chicago 
to  Buffalo,  and  approximately  the  same  rate  from  Duluth  to 
Buffalo,  in  1896.    Major  Symons  says: 

"  The  transfer  charges  at  Buffalo  includes  the  items  in  columns 
6,  8  and  11,  shoveling,  elevating,  and  storing  and  trimming, 
amounting  all  told  to  1.3  cents  per  bushel,  or  at  the  rate  of  43  1-S 
cents  per  ton," 

A  lake  ship  loaded  with  5,000  bushels  of  wheat  can  be  unloaded 
in  eight  or  ten  hours — a  fractional  part  of  the  time  the  ship  has 
consumed  in  carrying  the  cargo  to  the  transfer  elevator.  And 
yet  the  elevator  earns  in  eight  or  ten  hours  almost  as  much  as  the 
ship  has  earned  in  four  or  five  days.  On  such  a  cargo,  at  the 
rate  of  1.35  cents  a  bushel,  the  ship  would  earn  |2,232.50,  and  the 
elevating  and  transferring  charges  at  Buffalo  on  the  same  quan- 
tity would  be  |2,145 — a  difference  of  but  f  87.50.  Major  Symons 
continues  his  report: 

"The  transfer  charges  on  grain  are  fixed  arbitrarily  by  the 
Western  Elevating  Association  of  Buffalo,  a  combination  con- 
trolling  all  the  elevators,  except  a  few  small  ones.  The  transfer 
charges  at  Buffalo  are  the  source  of  complaint  and  dissatisfaction, 
and  there  is  little  doubt  that  they  can  be  materially  reduced  and 
the  business  still  transacted  at  a  profit." 

Major  Symons  proceeds: 

"The  Erie  canail  has  no  terminal  facilities  and  no  lines  of 
lake  vessels  running  in  connection  with  canal  lines,  and  so  the 
canal  boats  as  a  general  rule  only  get  what  freight  they  can  pick 
op  in  Buffalo  and  Tonawanda." 
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When  the  Erie  canal  is  improved,  Major  Symons  estimates 
that  wheat  will  be  carried  from  Buffalo  to  New  York,  present 
transfer  charges  at  Buffalo  included,  for  2.70  cents  a  bushel  in 
four-boat  fleets,  and  for  six-boat  fleets  for  2.57  cents  a  bushel. 
The  present  charges,  elevation  included,  are,  resi)ectively,  3.81 
and  3.56  cents  a  bushel. 

He  recommends,  as  a  project  worthy  of  being  undertaken  by 
the  Federal  government,  the  construction  of  a  1,500  ton  barge 
canal,  at  an  approximate  cost  of  |50,000,000.  Four-boat  fleets, 
adapted  to  the  size  of  such  a  canaJ  would  reduce  the  cost  of 
carrying  wheat  to  Buffalo,  present  elevation  charges  included, 
just  one-half  of  a  cent  a  bushel,  and  five-boat  fleets  would  reduce 
the  cost  0.56  of  a  cent  a  bushel,  he  estimates.  I  am  satisfied,  how- 
ever, that  his  estimate  of  cost  of  such  a  canal  is  far  too  low. 

Major  Symons  says,  in  part,  regarding  New  York's  charges  on 
grain: 

"The  terminal  and  harbor  facilities  at  New  York  citv  are 
peculiar,  and  the  cost  of  handling  traffic  is  excessive." 

He  then  describes  the  peculiarities  of  New  York,  in  the  matter 
of  receiving,  storing  and  shipping  grain,  and  continues : 

"  In  the  transportation  of  grain  from  the  western  grain-pro- 
ducing and  storing  centers  the  trunk  lines  terminating  in  New 
York  city  for  many  years  have  made  it  part  of  the  transportation 
agreement  that  they  (the  railroads)  shall  deliver  the  grain  along- 
side of  the  ship  without  charge  therefor,  except  as  included  in  the 
freight  rate. 

"  In  pursuance  of  this  agreement,  the  railroads  transfer  grain 
from  their  cars  and  through  elevators  into  lighters,  by  which  it 
is  transported  in  the  harbor  alongside  of  vessels,  and  for  which 
transportation  or  lighterage  a  charge  of  3  cents  per  100  pounds, 
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eqnal  to  1.8  cents  per  boshel  of  wheat,  is  exacted  by  the  lighterage 
companies  doing  the  work." 

Years  ago,  Major  Symons  continues,  the  railroads  built  station- 
ary elevators  for  the  accommodation  of  grain  shii)s,  and  the  sav- 
ing of  the  expense.  "A  large  and  constantly  growing  business," 
he  says,  "  was  thus  being  built  up,  and  the  lighterage  fee  of  3 
cents  per  100  pounds  saved."    He  adds : 

"This  mode  of  delivery  conflicted  materially  with  the  opera- 
tions of  the  floating  elevators,  whose  operations  were  being  grad- 
oally  conifined  to  transferring  grain  arriving  in  canal  boats  from 
the  Erie  canal.  In  order  to  allow  the  floating  elevators  to  regain 
this  business,  and  to  prevent  a  threatened  rate  war  with  Boston 
railroadSy  a  set  of  rules  and  tariff  of  charges  was  promulgated, 
onder  date  of  October  16,  1882,  by  the  railroad  elevators  in  the 
port  of  l^ew  York,  and  of  which  rule  5  reads  as  follows: 

"  *  Receiving,  weighing,  and  storing  (grain)  for  the  first  10  days, 
or«any  part  thereof,  ^  of  a  cent  per  bushel,  and  an  additional 
charge  of  1  cent  per  bushel  for  all  subsequent  10  days  or  parts  of 
the  same,  so  long  as  the  grain  remains  in  store  and  in  good 
order. ' "  - 

Major  Symons  also  states: 

"  It  is  believed  that  the  actual  cost  of  lighterage  in  New  York 
harbor  does  not  exceed  one-half  to  three-quarters  of  a  cent  per 
100  pounds." 

The  expense  of  transif erring  grain  from  lighter  to  ocean  vessel 
he  says  is  borne  by  the  grain,  the  charge  being  1.275  cents  per 
bushel.  Ocean  vessels  are  also  charged  |2  for  every  1,000  bushels 
loaded.  There  are  also  other  small  charges  that  help  swell  the 
ftp^gr^ate,  which  Major  Symons  specifies.  The  railroads  deliver 
grain  free  alongside  the  elevators  in  Brooklyn,  but  the  charge 
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for  placing  it  in  them  is  the  same  as  for  transferring  it  to  an 
ocean  vessels,  viz.:  1.275  cents  per  bushel.    He  adds: 

"  In  cases  where  grain  is  lightered  from  the  Brooklyn  ware- 
houses to  alongside  of  ocean  vessels  and  transferred  to  them,  the 
charge  is  2.0875  cents  per  bushel,  to  which  must  be  added  the 
usual  storage  and  inspection  charges.'^ 

Major  Symons  shows  that  the  charge  for  transferring  grain 
from  canal  boats  to  vessels  is  1.125  cents  a  bushel.  He  specifies 
other  charges  that  are  also  made,  and  says: 

"Regarding  t^e  decline  in  the  receipt  of  wheat  (and  other  grain) 
at  New  York,  it  is  claimed  that  this  is  brought  about  by  the 
action  of  the  Joint  Traffic  Association,  of  which  a  number  of 
trunk  line  railroads  are  members,  allowing  certain  Atlantic  ports, 
such  as  Baltimore,  Norfolk  and  Newport  News,  certain  differences 
in  rates,  termed  *  differentials.'  The  freight  rates  for  the  ports 
named  are  3  cents  per  100  pounds  less  than  the  New  York  rate, 

■ 

and  this,  it  is  claimed,  has  the  effect  of  attracting  trade  to  Balti- 
more, Norfolk  and  Newport  News  and  withdrawing  it  from  New 
York  city." 

There  are  some  who  seriously  suggest  the  construction  of  a 
ship  eanal,  to  cost  anywhere  from  1200,000,000  to  1500,000,000, 
in  order  to  lop  off  these  charges,  by  making  by-ports  of  Buffalo 
and  New  Yorki  This  would  be  a  heroic  way  in  which  to  abate 
a  combination  that  could  be  purchased  for  |20,000,000  and  prob- 
ably duplicated  for  f 5,000,000,  and  the  annual  expense  of  which 
would  not  exceed  f 500,000  for  operation  and  maintenance. 

But  the  quotations  that  have  been  made  may  explain  why  it  is 
that  the  port  of  New  York  tohichy  a  third  of  a  century  ago,command€d 
73  per  cent,  of  the  total  exports  of  the  nation,  to-day  possesses  but  37 
per  cent,  of  them. 
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An  attempt  was  made  in  1888,  by  the  passage  of  an  act  throngh 
the  State  Legislature,  the  eonstitntionality  of  which  was  sus- 
tained by  the  Supreme  Court  of  the  United  States,  to  fix  the 
charges  for  which  grain  should  be  transferred  in  this  State,  but 
it  has  been  systematically  evaded  ever  since  its  enactment. 

While  there  is  a  steady  increase  in  the  commerce  of  the  port 
of  New  York,  and  which  has  misled  many  people  into  believing 
that  we  are  doing  a  little  better  than  holding  our  own,  we  are 
only  able  to  see  how  true  this  belief  is  in  fact,  by  presenting,  by 
percentages,  New  York's  share  of  the  nation's  foreign  commerce 
— imxKMls  and  exports,  which  will  be  done  in  the  tables  that  will 
follow,  and  which  cover  the  import  and  export  trafiSc  of 
the  ports  of  New  York,  Boston,  New  Orleans,  Baltimore, 
Philadelphia  and  Galveston,  the  leading  Atlantic  and  Gulf 
ports  of  the  United  States  in  the  order  named.  Between 
1861  and  1879,  during  the  period  when  gold  was  at  a  premium, 
the  value  of  our  imports  was  always  expressed  in  the  publica- 
tions of  the  government  in  gold,  both  for  the  ports  and  the  total ; 
but  export  values  are  expressed,  by  ports,  in  their  mixed  gold  and 
currency  values,  although  the  total  value  for  the  nation  is  ex- 
pressed in  gold.  This  made  necessary  a  very  elaborate  and  com- 
plicated process  of  calculations,  in  order  to  bring  the  export 
values  by  ports,  dowi^  to  the  common  gold  standard,  and  which 
has  been  accomplished  in  the  tables,  and  for  which  reason,  in 
the  values  by  ports,  they  will  not  agree  with  the  publications  of 
the  Federal  government,  upon  which  they  are  based. 
The  tables  follow: 
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Invporti  and  Mt^ports  of  New  T'ork  hettoeen  1856  and  1897,  both 
nclusive,  and  the  proportion  of  each  and  of  hoth  to  the  Total 
Imports  and  Ecporta  of  the  United  States. 
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ImpOTta  and  £a>port«  of  Boston  between  1866  and  1897,  hoih 
incluaive,  and  the  proportion  of  each  and  of  both  to  the  Total 
Trnports  and  Exports  of  the  United  States. 
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iTTvporta  and  Eeports  of  New  Orleans  heiween  1856  and  1897,  both 
inclusive,  and  the  proportion  of  each  and  of  ioth  to  the  Total 
Importa  and  Meports  of  the  United  States. 
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TfnpoTi*  and  MBportt  of  Baltimore  hetween  1856  and  1897,  hoth 
indMaw4y  and  the  proportion  of  each  and  of  both  to  the  Total 
Im^porit  and  Eiporte  of  the  United  8tatea. 
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Imports  and  £Mports  of  Philadelphia  between  1856  OTid  1897, 
both  indugive,  and  the  proportion  of  each  and  of  both  to  th« 
Total  /mports  a/nd  Exports  of  the  United  States. 


YEAR.  . 

iKTOlTi. 

ExFOBxa. 

TOML, 

Vrine. 

Pr.ot 

T.lu.. 

Pr.ct 

Vdoe. 

Pr.ct. 

»I«,M0,«7 

17,894,04! 
1J.JTB.W1 

isa 

:» 

at 

.M 

es 

s 

3> 

74 

M 

00 

l» 

41 

11 

M 
17 

W 

t.3a 

4:w 

4:8« 

3.0* 

S-K 
4.W 

*-W 

b:4i 
»;o7 

b.Oi 

b.n 

!S 

T.lt 
7.« 

iM 
G.aa 

lis 
03 

88 

40 
93 

31 
•3 

lilt 
I.N 
1.86 
t  M 

4.'4i 

4.W 

»:«) 

l.H 

4!m 

B-08 
M 

1 

4:41 

ISS 
«1 

i 

t!.S34.Mt 
71.371,111 

W^ill^ll 
7I.M7.3B7 
72,»«,]00 
70. 143, 734 
M.«42,!S<I 
7a.I14,«30 

1 

» 

ei!i4siTW 
u,40«;m 

U,877,Ni 

0, 

20 

_ 

StaTK   EnGINBEB   and    BttRTBXOB. 


Imparta  and  Et^orta  of  Oalmetton,  between  1856  and  1897,  both 
indtitive,  and  the  proportion,  of  each  and  both  to  the  Total 
Imports  and  Extporta  of  the  United  States. 
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Table  fhowwig  the  Total  Invporta  and  Exports  of  the  United  States, 
separately,  and  the  Total  Imports  and  Exports  togeth^jfrom  1856 
to  1897,  inclusive. 
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'ixble  showing  New  YotKb  percentage  of  the  Imports  cmd  Exports 
of  the  Uivited  States^  m  periods  of  one  yeoTj  four  yea/ts  and  ten 
yearsj  from  1868  to  1897,  both  indusive. 
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45.9 

56.7 

1888 

68.6 

48.8 

55.4 

1884 

68.1 

44.5 

66.4 

1885 

66.8 

67.62 

46.5 

45.17 

54.9 

55.85 

1886 

66.0 

46.2 

55.7 

1887 

65.9 

■■ 

67.37 

44.1 

45.45 

54.8 

56.43 

1887 

1888 

64.8 

44.6 

55.0 

1888 

63.3 

65.00 

48.0 

44.47 

53.6 

54.77 

1890 

65.8 

40.6 

52.5 

1891 

63.6 

89.0 

51.1 

1892 

64.8 

40.1 

51.1 

1893 

63.8 

64.25 

41.2 

40.22 

52.3 

61.75 

1894 

68.5 

41.4 

50.6 

1195 

66.2 

40.8 

52.1 

1»6 

64.1 

40.1 

51.8 

1887 

62.7 

63.87 

64.06 

37  2 

89.75 

40.75 

48.0 

50.50 

51.76 
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Table  allowing  Boston^ a  percentage  of  the  Imports  amd  Exports  of 
the  United  States^  in  periods  of  one  yea/r^  four  years  and  ten 
yearSyfrom  1858  to  1897,  hoth  hidimve: 


Imports. 

EXPOBTS. 

Total. 

YEAK. 

1 
l-yr. 

PBBIOD6. 

PERIODS. 

PERIODS. 

Year. 

4-yrs. 

10.yr» 

l-yr. 

4yr«. 

10-yr». 

l-yr. 

4yr8. 

10  yn. 

1858 

14.44 

5.72 

10.05 

1859 

12.38 

4.10 

8  50 

I860 

11.12 

3.82 

7.57 

1881 

12.36 

12  57 

6.61 

6.07 

9.91 

0.01 

1882 

11.67 

6.69 

9  17 

1863 

11.09 

6  67 

9.07 

1864 

9.54 

6  07 

8.61 

1865 

10.21 

10.63 

6.91 

6.58 

8  85 

8  98 

1866 

9.67 

3.34 

6.98 

1867 

10.83 

11.82 

4.42 

5.44 

8.58 

8.73 

1867 

1868 

10.83 

4.46 

7.74 

1869 

10.67 

10  35 

3.84 

4.01 

7  89 

7.80 

1870 

10  91 

3.05 

7.17 

1871 

10.86 

2.79 

6.85 

1872 

11.21 

4.62 

8.48 

1873 

10.58 

10.75 

4.95 

8.60 

8.05 

7.64 

1874 

9.17 

4.68 

6.91 

1875 

9  78 

5.39 

7.51 

« 

1876 

.  8.08 

6.11 

7  01 

1877 

9  85 

9.08 

10.68 

6.83 

5.75 

4.67 

7  91 

7.58 

7.56 

1877 

1878 

9.21 

6.75 

7.70 

1879 

9  07 

f.91 

7.74 

1880 

10.25 

7.08 

8.48 

1881   

964 

9  54 

8.13 

7  22 

8  76 

8.17 

1882 

9.60 

8. 32 

8.95 

1883 

10.07 

7.56 

8.70 

1884 

9.87 

8.57 

9  17 

1885 

9.25 

9.69 

8.33 

8.19 

8.74 

8.89 

1886 

9.19 

7.97 

8  55 

1887 

8  81 

9.49 

8.39 

7.80 

8.52 

8.68 

1887 

1888 

8.80 

8.11 

8.47 

1889 

8.94 

8.98 

9.00 

8.87 

8.97 

8.68 

1890 

7.96 

8.03 

8.14 

1891 

8.44 

8.93 

8.58 

1892 

8.69 

8.36 

8.55 

1893 

9.15 

8.56 

,     10.08 

8.85 

9.61 

8.72 

1894 

7  67 

9.40 

8  57 

1895 

9.13 

10.59 

9.89 

1896 

10.16 

12.29 

10.62 

1897 

11.70 

9.69 

9.07         9  60 

10.47 

9.44 

10.52 

9.90 

9.19 

1897 

Statb 


AXD 


Talle  shounng  Sew  Orleans  percentage  of  the  Import*  amd 
Exports  of  the  United  States,  inperiod-t  of  one  year^/bur  yeare 
and  ten  years^from  1S58  to  1S97,  hotA  tiu^u^iiv  : 


Total. 


!y 


1 


1M0 
IMl 


1*70 

XfTl 

If72 

JcTw  «••••«• 

3«74 

1*7$ 

1*7« 

1»T7 

i*7a 

1«7» 

ino 

i»n 


KM 


1»1 
U02 


1»4 


lit? 


I 


l-yr.      4-ji«.     lO-yrm.      l-yr.      4-5ts.     10-jtb.      1-tt.    "  4*yr».  jMjrft. 


5.72  . 

s  m 

3.»  ! 


•.S7 
•.45 
O.SL 
l.»5 
3.« 
S.M 
S.«5 
S.29 
S.M 
2M 
S.Ot 
3.51 
2^1 
2  45 
206 
2.49 
1.06 
1.61 
1.90 
1.67 
1.32 
1.61 
1.50 
1.27 
1.24 
1  60 
2.00 
1.96 
2.39 
2.29 
2.50 

2  n 

1.89 
1.71 
2.17 


6.96 


6.51 


2.56 


3.71 


2.S4 


1.76 


1.52 


1.53 


2.28 


2.12 


32.67 
I  U5(> 
■    39.40 

;    3.14 


'    r 
1. 

'      6 

2.88  '  19. 

'  15 

I  19. 

.  22 

!  19. 

!  18. 

I  17. 

'  14. 
13 

I     *'■ 
2.78       10. 

12. 


2.12 


8. 
10. 
11 

9. 

10 

11. 

10 

12. 

11. 

11. 

11. 

12 

12 

12. 

9. 

9. 

8. 

9. 

9. 


16 
82 
66 
26 
66 
23 
82 
67 
63 
22 
57 
28 
17 
76 
87 
05 
96 
82 
49 
45 
31 
55 
67 
14 
16 
66 
15 
59 
34 
79 
18 
13 
47 
17 
68 


I 


I 


25.68 


1  88 


17.34 


19  37 


10.83 


10.83 


10.49 


11.53 


ii.n 


9.11 


15.62 


18  46 


10.86 


10.61 


87 
74 
23 

27 
91 
63 
19 


19 

1« 
1« 

3 

1 
0 
0 
8 

13.46 
8.37 
9.49 
12  48 
10.66 
9.38 
9.59 
9.38 
7.64 
8  55 
7.10 
8.36 
6.11 
6.72 
7-50 
5.70 
6.77 
6.57 


I 


6 
6 
6 
6 
6 
7 
7. 


88 

89 
26 
54 

60 
46 
47 


8.08 
5.81 
6.43 
5.34 

5.68 
6.52 


15.66 


0.94 


988 


10  51 


7.17 


7.r 


6.48 


6.57 


9.41 


925 


6.n 


5.1 


6.59 


un 


168T 


1697 
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TcMe  shovnng  Baltimore's  percentage  of  the  Imports  amd  Ex- 
ports of  the  United  States^  in  periods  of  one  year^  four  years 
and  ten  yearsyfrom  1858  to  1897,  both  i/nchm/ve. 


Imposts. 

Exports. 

Total. 

TSAB. 

PBRIODe. 

PKBI0D8. 

PEU0D8. 

Tmut. 

l-yr. 

4-.TrB. 

10-yr». 

l-yr. 

4-7r8. 

10-yn. 

l-yr. 

4-yr8. 

lO-yw. 

1858 

8.88 

8.30 

8.40 

1859 

2.98 

2.71 

3.12 

1800 

2.70 

2.50 

2.72 

1881 

8.25 

8.08 

0.02 

8.75 

4.55 

8.49 

1802 

1.90 

4.88 

3.17 

1888 

1.80 

4.53 

8.07 

1864 

1.81 

4.10 

2.02 

1885 

2.00 

1.88 

3.95 

4.85 

2.81 

2.92 

1806 

1.88 

1.84 

1  89 

1807 

2.92 

2.40 

2.23 

8.60 

2.70 

8.08 

1807 

1808 

3.01 

3.02 

8  01 

1860 

8.70 

8.04 

3.01 

2.82 

3.58 

2.90 

1870 

4.47 

8.00 

8.87 

1871 

4.74 

3.05 

8  90 

• 

1872 

4.00 

3.70 

4.25 

1878 

4.55 

4.84 

3.20 

8.28 

3.97 

4.01 

1874 

6.10 

4.24 

4.09 

1876 

5.21 

4.06 

5.03 

1870 

4.88 

4.82 

4.93 

1877 

4.94 

6.03 

4.59 

0.04 

4.94 

4.01 

5  43 

5.05 

4.84 

1877 

1878 

8.80 

0  42 

• 

6.43 

1879 

3.14 

8.08 

0.19 

1880 

2.98 

9.18 

0  39 

1881 

2.51 

8.12 

8.03 

7.91 

5  73 

5.93 

1882 

2  00 

5.24 

3.08 

1883 

2.01 

0.79 

4.49 

1884 

1.71 

5.81 

3.87 

1885 

2.05 

1.98 

0.07 

5  98 

4.31 

4.09 

1886 

1.84 

5.27 

3.01 

1887 

1.88 

2.40 

7.20 

0.80 

4.55 

4.82 

188T 

1888 

l.Ol 

0.02 

4.08 

1889 

2.01 

1.82 

0.80 

0.47 

4.42 

4.10 

1890 

1.00 

8.01 

5  28 

1891 

2.43 

7.28 

4  91 

1892 

1.02 

9.59 

0.00 

1898 

1.85 

1.80 

8.43 

8.48 

5.11 

5.32 

1894 

1.81 

8.79 

6.84 

1895 

1.07 

7.07 

4.f^l 

1896 

1.72 

7.52 

4.80 

1897 

1.48 

1.07 

1.78 

8.15 

8.03 

7.94 

5.85 

5.94 

6.36 
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Taile  showing  Philadelphu^s  percentage  of  Imports  cmd  JBd- 
parts  of  the  United  States j  m  periods  of  one  yeaa^y  fowr  years 
amd  ten  years^  from  1858  to  1897,  both  indtisive. 


IlOPOBTB. 

XXPOBTB. 

Total. 

YEAB. 

PBBIODB. 

PSBIOD8. 

PBBI0D8. 

Tmt. 

l-yr. 

4.yr. 

lO-yr. 

l.yr. 

4.yr. 

10-yr. 

l.yp. 

4.yT. 

lO-yr. 

1858 

4.86 

2.47 

8.07 

1868 

1850 

4.87 

1.60 

3.14 

1800 

4.18 

1.36 

2.03 

1861 

4.86 

4.43 

4.66 

2.43 

4.42 

3.40 

1863 

8.06 

6.10 

4.80 

1868 

3.00 

4.40 

3.00 

1864 

2.80 

4.06 

8.20 

186S 

2.50 

8.84 

3.58 

4.31 

3.00 

3.80 

1866 

2.05 

2.00 

3.02 

1867 

8.67 

3.67 

8.88 

8.87 

8.06 

8.61 

1867 

1868 

4.04 

8.07 

3.80 

I860 

8.78 

8.81 

8  70 

8.38 

3.78 

8.67 

1870 

8.30 

2.50 

2.00 

1871 

8.07 

3.00 

3.81 

1872 

8.26 

4.26 

8.00 

1878 

8.05 

3.80 

4.60 

8.02 

4.00 

8.48 

1874 

4.60 

6.00 

4.80 

1876 

4  52 

4.04 

4.78 

1876 

4.86 

0.60 

6.70 

1877 

4.36 

4.60 

8.08 

7.11 

6.01 

4.40 

6.03 

6.83 

4.20 

1877 

1878 

4.65 

0.28 

6.56 

1870 

6.46 

0.01 

0.17 

1880 

6.46 

6.04 

6.68 

1881 

6.07 

5.16 

4.00 

6.08 

0.20 

6.02 

1882 

6.07 

6.08 

4.01 

1888 

4.65 

4.02 

4.71 

1884 

6.04 

4  02 

4.08 

1886 

6.04 

4.05 

6.10 

4.05 

5.20 

4.06 

1886 

6.75 

4.80 

5  33 

1887 

6.77 

6.18 

4.05 

6.84 

5.85 

6.41 

1887 

1888 

6.76 

4.14 

4.07 

1880 

6.51 

5.60 

4.01 

4.62 

6.20 

6.23 

WOO 

6.83 

4.24 

6.60 

1801 

7.03 

3.80 

5.38 

180S 

7.26 

4.40 

6.38 

1803 

7.63 

7.18 

6.82 

4.68 

6.74 

6.02 

1804 

8.22 

4.58 

6.00 

1806 

6.62 

4.33 

6.44 

1806 

6.62 

4.48 

6.01 

1807 

6.28 

6.43 

0.67 

4.40 

4.40 

4.48 

6.24 

6.44 

6.61 

1807 
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Tahle  showing  Galveston^s  peroentage  of  Imports  and  Exports 
of  the  United  States^  in  periods  of  one  year^  four  years  and 
ten  yea/rSy  from  1858  to  1897,  hoth  inclvsive. 


YEAR. 


1858  . 

1859  . 

1860  . 

1861  . 
1862*. 
1808*. 
1864*. 
1865^ 

1866  . 

1867  . 

1868  . 

1869  . 

1870  . 

1871  . 

1872  . 

1873  . 

1874  . 

1875  . 

1876  . 

1877  . 

1878  . 

1879  . 

1880  . 

1881  . 

1882  . 

1883  . 

1884  . 

1885  . 

1886  . 

1887  - 

1888  . 

1889  . 
1810  . 

1891  . 

1892  . 

1893  f 

1894  . 

1895  . 

1896  . 

1897  . 


IMPOBTB. 


PESIOCS. 


1-yr. 


0.02 
0.11 
0.12 
0.06 


0  03 
0.13 
0  16 
0  06 
11 
24 
27 
80 
25 
22 
28 
31 
24 
19 
15 
46 
41 
209 
16 
20 
119 
10 
09 
09 
0.05 
0.07 
0.15 
09 
10 
05 
07 
10 


0. 

0. 

0 

0- 

0. 


4-yr. 


0.08 


0.09 


0.23 


0.26 


0.26 


0.24 


0.10 


0.09 


0.08 


10-yr. 


0.06 


0.22 


0.24 


0  086 


EXFOKTS. 


Total. 


PERIODS. 


Xjt. 


0  89 
1.31 
1.73 
0.51 


0.21 
1.61 
1.53 
2.50 
3.13 
2.79 
2.47 
2.64 
2.90 
2.78 
2.51 
2.85 
1.71 
2.39 
2  01 
2.96 
2  06 
3.59 
76 
69 
.05 
.63 
.26 
2.12 
2  84 
8  08 
8  43 


2 

1 

2. 

2 

2. 


42 
.92 
.18 
.12 
52 


PEBIOD8. 


*-yr. 

10-yr. 

l->r. 

*-yr- 

0.46 

0.67 

0.92 

1.11 

0.25 
0.11 

0.57 

1.04 

0.82 
0.77 

1.46 

1.05 
1.54 
1.41 
1.18 

0.69 

2.76 

1.89 
1.62 
1.48 
1.48 

1.38 

2.63 

2.56 

1.48 
1.15 
1.49 
1.18 

1.51 

2.27 

1.93 
1.21 
2.01 
1.53 

1.44 

2.52 

1.04 
1.34 

1.45 

2.38 

1.39 
1  15 

2.26 

1.10 
1.50 
1.99 
1.97 

1.24 

3.44 

2.23 

2.74 
2.74 
2.22 

1.92 

4.95 

8.79 

a  24 

3.10 

lOyr. 


0.54 


Year. 


1K58 


1867 


1.84 


1.42 


3.24 


1877 


1897 


1897 


*  None. 
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A  glance  at  the  Boston  tables  will  be  profitable.  Daring  the 
four  years  of  the  civil  war,  there  was  a  alight  decrease  in  the 
percentage  of  Boston's  foreign  commerce.  The  percentage  of 
Boston's  foreign  commerce  was  never  greater  than  last  year — 
New  York's  has  not  been  so  low  in  thirty-eight  years,  as  it  was 
last  year.  Daring  the  civil  war  the  loss  in  Boston's  imports  was 
almost  made  good  by  the  increase  in  exports. 

In  Philadelphia  there  was  a  loss  of  imports,  but  a  gain  in  ex- 
ports, daring  the  fonr  years  of  the  civil  war,  safficient  to  increase 
the  average  of  the  port's  foreign  commerce  0.31  per  cent,  more 
than  it  was  daring  the  fonr  years  preceding  the  civil  war. 

For  ready  compariaon,  and  for  some  reflections  thereon,  the  fol- 
lowing three  brief  tables  are  appended,  which  epitomize  the 
growth  and  decline  of  foreign  commerce  in  the  ports  named  since 
1856: 


Table   showing  percentage    of  the  naiion^s  total  imports   in 
averages  for  ten  year  periods^  from  1858  to  1897,  hoth  inclusive : 


Aranxe  percent  dur- 
ing 10  years  eod- 
iog  in: 

New 
York. 

Boeton. 

New 
Orleans. 

Phila- 
delpfain. 

Baltimore. 

Galveston. 

1667 

66.76 
66.18 
67.37 
64.06 

11.82 

10.03 

9.49 

9.07 

2.86 
2.78 
1.56 
2.12 

3.67 
3.98 
5.19 
6.67 

2.46 
4.59 
2.40 
1.76 

0.06 

1877. 

0.22 

1167 

0.24 

im. 

0.86 

Thk  Sams  on  Expoirb. 


1667. 
1677. 
1187. 

mn. 


50.66 

5.44 

15.62 

3.37 

3.60 

44.72 

4.67 

18.46 

4.49 

4.61 

45.45 

7.S0 

10.86 

5.84 

6.80 

40.75 

9.44 

10.61 

4.43 

7.94 

Thi  Sams  on  Both  Iicports  and  Expobts. 


1M7. 

isn. 

1687. 
1897. 


58.79 

8.73 

9.41 

8.61 

3.03 

56.15 

7  55 

9.25 

429 

4.34 

55.48 

8.53 

6.77 

5.41 

4.82 

51.76 

9.19 

6.59 

5.61 

5.35 

1.04 
2.56 
2.38 
3.79 


0.54 
1.34 
1.42 
2.23 


New  York  is  the  only  Atlantic  coast  port  showing  a  decline  in 
percentage  of  both  imports  and  exports. 
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New  York's  decline  in  percentage  of  exports  is  9.09  per  cent. 

Boston's  gain  in  percentage  of  exports  is  4  per  cent. 

Philadelphia's  imparts  have  almost  doubled. 

During  the  past  ten  years  New  York's  loss  of  imports  has  been 
as  great  as  Philadelphia's  gain  in  forty  years. 

During  the  past  two  years  New  York's  decline  in  i)ercentage  of 
imports  and  exports  has  been  almost  three  times  as  great  as  the 
gain  has  been  in  the  three  other  leading  Atlantic  ports. 

While  New  Orleans  shows  a  loss  of  0.18  per  cent,  in  the  per- 
centage of  its  imports  and  exports,  since  1887,  New  York's  loss 
during  the  same  time  was  3.67  per  cent.  The  other  four  leading 
ports  show  a  gain. 

The  gain  in  the  foreign  commerce  (in  percentage  of  the  whole) 
of  the  ports  of  Boston,  Philadelphia,  Baltimore  and  Galveston, 
since  1867,  does  not  equal  the  loss  sustained  by  the  port  of  New 
York  during  the  same  period. 

It  is  a  significant  fact  that  there  was  no  abnormal  increase  in 
the  commerce  of  Boston,  Philadelphia  or  Baltimore,  during  the 
four  years  of  the  civil  war.  In  Boston  there  was  a  decline  from 
the  four  years  preceding  the  war  of  0.08  of  1  per  cent. ;  in  Phila- 
adelphia  the  increase  during  the  civil  war  was  but  0.31  of  1  per 
cent.;  while  in  Baltimore  there  was  a  decline  of  0.57  of  1  per 
cent.,  a  net  loss  in  the  three  ports  of  0.34  of  1  per  cent.,  while 
in  the  port  of  New  York  the  percentage  of  increase  was  more 
than  one-third  of  the  nation's  total,  being  35.50  per  cent.,  show- 
ing that  the  natural  facilities  of  the  port  of  New  York,  in  any 
emergency,  are  far  superior  to  those  of  any  other,  and  are  availed 
of,  regardless  of  the  inconveniences  or  losses. 
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New  York  has  been  slowly  losing  the  position  and  prestige 
she  gained  during  the  civil  war.  New  Orleans  Undi  the  struggle 
more  and  more  difficulty  despite  the  energies  put  forth,  to  regain 
that  which  was  lost,  and  win  back  her  old-time  prestige.  But  it 
will  come  to  her  yet. 

New  York  must  learn  the  lesson  of  New  Orleans'  losses,  and 
the  difficulties  that  a  port  exx)eriences  in  regaining  that  which 
has  once  been  lost  in  the  line  of  commerce.  It  is  easy  to  lose, 
but  hard  to  regain.  We  might  far  better  exert  ourselves  to  see 
that  we  lose  no  more,  than  to  attempt,  at  this  critical  time,  per- 
haps, the  stupendous  task  of  regaining  that  which  we  have  lost. 

It  is  more  than  disquieting  to  look  back  to  1880  in  the  tables 
and  to  note  that  when  the  total  imports  and  exports  of  the 
United  States  were  more  than  $300,000,000  less  than  they  were  in 
1897,  they  were  only  f 20,000,000  less  in  New  York  than  in  1897; 
that  is  to  say,  while  in  that  period  the  nation's  foreign  commerce 
has  increased  |300,000,000,  New  York's  has  increased  but 
$20,000,000.  Since  1880  Boston's  foreign  commerce  has  in- 
creased over  163,000,000,  New  Orleans  has  increased  nearly 
$17,000,000  anid  Galveston's  has  increased  over  $41,000,000  —  in 
fact  has  increased  more  than  three-fold. 

These  are  facts,  surely,  that  cannot  mislead  us.  They  point 
their  own  moral.    They  tell  their  own  story. 

In  1892  the  total  value  of  the  imports  and  exports  of  the  United 
States  was  $1,857,680,612,  the  highest  in  the  country's  history. 
That  year  New  York's  share  was  $950,490,895.  In  1897  there  was 
a  falling  ott  in  the  nation's  total  foreign  commerce  from  1892  of 
$31,975,760,  but  the  loss  New  York  sustained  during  the  same 
period  was  $78,207,393,  that  is  to  say,  it  fell  from  51 . 1  per  cent. 
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of  the  nation's  total  foreign  commerce,  in  1892,  to  48  per  cent.  In 
1897  —  the  lowest  proportion  of  the  nation's  foreign  commerce 
seen  in  New  York  since  before  the  civil  war. 

In  forty  years  the  foreign  commerce  of  the  nation  has  increased 
three-fold.  If  it  shall  increase  thi  ee-fold  during  the  next  forty 
years,  it  will  have  largely  exceeded  five  billions  of  dollars  in  value, 
and  if  New  York  is  but  able  to  retain  one-half  of  it,  her  foreign 
commerce  would  be  more  than  two  and  a  half  billions  of  dollars 
in  value  —  three  times  as  large  as  at  present.  But  New  York  will 
not  retain  her  present  proportion  if  she  does  nothing  to  attract 
commerce  to  her,  or  if  she  does  everything  to  drive  it  to  other 
ports. 

During  the  years  to  come  the  development  of  American  markets 
abroad  will  probably  be  much  more  to  the  southward  than  to  the 
eastward,  and,  perhaps,  much  more  to  the  westward  than  either 
to  the  eastward  and  southward.  The  development  in  manufac- 
turing, in  the  South,  will  be  accelerated,  and  that  section  wiU 
make  the  contest  all  the  more  difficult  for  New  York.  Easier  and 
nearer  access  both  to  the  South  and  the  West,  the  latter  through 
the  Nicaragua  or  the  Panama  canals,  or  both,  perhaps,  it  will  be 
extremelv  difficult  for  New  York  to  hold  her  own  in  the  commer- 

4* 

cial  and  the  industrial  struggle  there  is  ahead. 

If  the  old-time  virility  and  energy  and  shrewdness  still  exists 
among  the  people  of  New  York,  city  and  State  —  if  that  commer- 
cial acumen  that  has  been  inheiited  and  developed  during  a  cen- 
tury of  remarkable  growth  is  brought  into  play  —  the  possibility 
of  a  keener  contest,  and  of  increasing  difficulties  in  holding  fast  to 
her  commercial  supremacy  will  not  dishearten,  but  will  inspire 
them  to  face  the  new  issues  and  conditions  of  the  future  unflinch- 
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inglj,  determined  to  leave  nothing  undone  that  shall  keep  New 
York  where  she  now  is,  at  least. 

But  there  mnst  be  a  revolution  in  the  methods  of  handling  com- 
merce in  the  port  of  New  York,  Charges  must  be  abated,  even 
if  the  State  be  compelled  to  step  in  and  acquire  properties  that 
DOW  accommodate  and  attend  upon  commerce.  The  fact  that 
much  more  than  a  hundred  millions  of  dollars  has  been  invested 
in  New  York's  canals  for  the  benefit  of  commerce  and  the  cheap- 
eDing  of  transpnortation,  is  justification  for  any  step  that  the  State 
may  tak«  to  fully  utilize  those  canals  and  unfetter  the  commerce, 
at  terminals,  that  seeks  passageway  through  the  State  by  any 
route  of  transportation. 

It  should  not  be  forgotten  that  forces  are  steadily  at  work,  with 
a  policy  and  a  purpose  well  and  clearly  defined,  to  bring  the  great 
trunk  railroads  paralleling  the  canals  and  centering  at  the  port 
of  New  York  under  one  single  individual  control.  What  the 
Joint  Traffic  Association  may  not  do,  the  dominating  influence 
vhlch  controls  these  railroads  may  then  do.  It  is  more  than  ever 
essential  to  New  York,  commercially  and  industrially,  that  her 
canals  shall  be  steadily  improved,  both  in  the  prisms,  in  the  locks 
and  at  the  terminals.  The  freest  opportunity  must  be  given  to 
industrial  and  commercial  expansion  —  only  possible  through 
cheap  transportation,  and  attainable  nowhere  else  like  it  is  attain- 
able through  the  canals  and  natural  streams  of  the  State.  Every 
restriction  upon  commerce  and  canal  transportation  companies 
that  now  exists  in  our  laws  must  be  removed.  And  these  must  be 
supplemented  by  judicious,  but,  if  necessary,  severe  enactments 
that  will  prevent  any  combination,  however  powerful,  from  in  any 
degree  impairing  the  usefulness  or  minimizing  th?  attractiveness 
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or  the  accoamnodations  of  New  York's  canals  and  their  great 
terminals. 

After  presEdng  these  essential  reforms  to  a  suoceasful  consiun- 
onation,  other  obstacles  and  dilBculties  mil  unquestionably 
arise  thai:  must  be  resolutely  and  fearlessly  overcome-  To 
safeguard  New  York's  great  commercial  imterests,  they 
miust  be  constantly  under  the  supervision  of  vigilant  officials^ 
clothed  with  all  needful  power  and  backed  up  by  strong  public 
sentiment,  to  at  once  root  out  abuses  and  at  all  times  broaden  the 
pathway  of  commerce,  so  that  never  again  may  it  be  said  that  the 
great  State  of  New  York  is  neglecting  her  industries,  her  trans- 
portation routes  or  her  commerce,  the  healthy  and  active  condi- 
tion of  which  are  the  prime  essentials  to  a  substantial,  reliable 
and  permanent  prosperity  and  contentment  among  all  of  the 
il)e0ple  of  the  State. 

CANAL  IMPROVEMENT  WORK. 

The  improvement  work  now  in  progress  on  the  Erie,  Oswego 
and  Champlain  canals  has  reached  what  appears  to  be  a  critical 
point,  because  the  appropriation  of  $9,000,000,  which  was  voted 
for  this  work,  is  now  found  to  be  inadequate. 

Without  attempting  to  ascertain  the  facts,  but  actuated  solely 
by  political  motives  and  an  unquenchable  thirst  for  sensational 
news,  a  portion  of  our  public  prints  have  recently  seen  fit  to  make 
many  unwarranted  attacks,  not  only  on  the  officials  charged  with 
the  conduct  of  this  work,  but  on  the  character  of  the  work  done, 
and  in  fact  doing  their  utmost  to  prevent  the  completion  of  this 
great  work,  which  unquestionably  means  so  much  to  our  welfare. 

The  work  shows  for  itself,  and  every  feature  of  it  will  bear  the 
fullest  investigation.  The  effort  to  discredit  it  is  but  another 
instance  of  commercial  blindness  and  stupid  political  dishonesty. 
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A  diagram  is  herewitli  sabmitted  to  show  the  location  of  each 
and  eyery  contract  that  has  been  or  will  have  to  be  awarded  on 
each  of  these  three  canals,  in  order  to  complete  the  work  as  now 
authorized.  The  following  tables  explain  the  estimated  cost  of  all 
of  these  contracts.  Tables  1,  2  and  3,  and  the  recapitulation  are 
op  to  date.  Tables  4,  5  and  6  show  expenditures  to  the  end  of 
the  fiscal  year  1897,  as  covered  by  this  report : 
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It  does  not  seem  to  be  necessary  at  this  time  to  describe  in 
detail  the  progress  of  the  work  on  each  of  the  several  contracts. 
Those  that  have  been  awarded  are  well  nnder  way,  and  the  date 
fixed  for  the  completion  of  all  that  have  been  awarded  is  prior  to 
the  opening  of  navigation  next  spring.  Some  of  them,  however, 
j  will  require  an  extension  of  time,  since  with  this  rush  of  work  it 
is  impossible  for  all  of  the  contractors  to  procure  the  materials 
necessary  (principally  stone)  to  complete  their  work.  The  work 
thug  far  done  will  compare  favorably  with  any  similar  work  that 
has  ever  been  done  on  the  canals,  and  will  redace  tl^e  cost  of 
maintenance  to  a  minimium  for  many  years  to  come.  It  is,  of 
course,  unfortunate  that  it  cannot  be  completed  for  the  sum  origi- 
nally appropriated.  However,  this  Department  has  never  said 
that  the  work  could  be  done  for  that  sum,  and  in  my  report  to  the 
Constitutional  Convention  under  date  of  August  1,  1894  (see 
report  of  proceedings  of  the  Constitutional  Convention,  vol.  2, 
docunjent  No.  41),  I  estimated  the  cost  of  the  work  to  be  as  fol- 
lows: 

For  9  feet  of  water,  Erie  canal 15.310,000 

For  9  feet  of  water,  Oswego  canal 1,208,000 

For  7  feet  of  water,  Champlain  canal 2,300,000 

For  lengthening  Erie  and  Oswego  locks 2,755,000 


Total 111,573,000 


The  Superintendent  of  Public  Works,  then  Mr.  Edward  Hannan, 
i^iibmitted  an  estimate  to  the  Constitutional  Convention  under 
date  of  July  25,  1894  (see  report  of  proceedings  of  the  Constitu- 
tional Oonvention,  vol.  2,  document  No.  34),  which  was  as  follows, 
^»r  the  same  work : 


66  Annual  Report  of  thb 

Per  9  feet  of  water,  Erie  canal |4,601,000 

For  9  feet  of  water,  Oswego  canal 1,004,000 

For  7  feet  of  water,  Ohamplain  canal 1,366,000 

For  lengthening  Erie  and  Oswego  locks 2,485,000 

Total 19,456,000 


Ex-State  Engineer  Martin  Schenek  assisted  Mr.  Hannan  in  the 
preparation  of  the  latter  report,  in  which  it  was  distinctly  stated 
that  no  data  existed  either  in  this  or  the  Superintendent  of  Public 
Works  oflBlces  on  which  to  base  a  reliable  estimate  of  cost.    Twelve 
days  were  consumed  in  making  these  estimates,  not  a  survey  was 
made,  and  no  one  familiar  with  the  facts  could  reasonably  assume 
that  those  estimates  were  anything  more  than  they  were  stated 
at  the  time  to  be,  namely,  as  close  an  approximation  as  it  was 
possible  to  make  from  a  mere  general  knowledge  of  the  length  of 
the  work,  and  without  knowledge,  except  of  the  most  general 
kind,  as  to  the  condition  of  the  walls  and  structures.     Nearly 
three-fourths  of  the  whole  cost  of  the  present  improvement  is  in- 
volved in  these  walls  and  structures,  and  that  cost  is  for  work 
that  cannot  be  avoided,  and  is  absolutely  essential  as  a  part  of 
the  deepening.    As  the  work  progresses,  it  is  found  that  enor- 
mous quantities  of  the  old  slope  and  vertical  walls,  which  it  was 
thought,  even  after  an  examination  of  the  work  preparatory  to 
making  the  plans  on  which  the  work  was  afterwards  awarded^ 
ooxtldl  be  saved,  are  found  to  be  in  such  condition,  either  from  poor 
original  work  or  from  old  age  and  the  action  of  the  elements,  that 
they  cannot  possibly  be  underpinned  and  saved,  and  that  they 
must  be  relyuilt. 
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To  anyone  not  especially  familiar  with  all  the  conditions,  it 
would  appear  to  be  a  very  simple  matter  to  prepare  plan»  for  this 
work.  It  looks  like  a  simple  matter  to  say  that  the  canal  shall 
be  made  two  feet  deeper  by  lowering  the  bottom  one  foot  and 
raising  the  banks  one  foot,  or  wholly  by  raising  or  lowering,  but 
it  proved  to  be  a  matter  of  no  email  moment  to  decide  just  how 
to  obtain  the  required  additional  depth  of  water  on  each  level, 
that  is,  whether  wholly  by  lowering  or  by  raising,  or  by  both,  and 
to  what  extent. 

From  Buffalo  to  Lockport  this  feature  was  determined  by  the 
lowest  level  of  Lake  Erie  and  the  additional  area  of  prism  and 
grade  thereof  required  to  feed  for  150  miles  (to  Montezuma)  the 
additional  quantity  of  water  required  for  the  deepened  canal  and 
the  certainty  of  largely  increased  filtration  which  will  ensue  the 
distarbance  of  the  old  silted  canal  bottom.  This  was  fixed  at 
^  feet  below  the  lowest  level  of  Lake  Erie. 

In  other  cases  the  elevation  of  imiK>rtant  structures,  as  the  top 
of  a  costly  culvert,  the  bottom  of  an  aquedluct  or  the  floor  of  a 
lock,  fixed  this  determination,  since  in  some  oases  such  structures 
could  not  be  changed  except  at  a  great  cost,  though  from  every 
other  standjpoint  it  might  have  been  cheaper  to  get  the  required 
depth  in  some  other  manner.  This  also  applies  especially  to 
most  of  the  feeder  levels,  though  in  a  few  cases  these  can  be 
raised  by  also  raising  the  feeder  banks. 

Tbgpoxigh  nearly  every  city  along  the  canals,  the  raising  of  the 
water  surface  would  entail  the  raising  of  many  bridges  and  the 
appToaohes  thereto,  which  are  already  too  steep,  and  would  doubt- 
lew  cause  many  claims  for  dlamages  from  leakage  and  the  flooding 
oi  cellars  which  are  otherwise  above  water  surface.  The  disar- 
rasgement  of  shipping  facilities  of  the  numerous  estaiblishments 
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on  the  canal  banks  in  these  cities  was  also  worthy  of  careful 
consideration,  and  because  of  these  features,  most  of  the  levels 
through  the  cities  and  larger  town®  are  improved  wholly  by  deep- 
ening. 

In  other  caee^  this  decision  was  based  wholly  on  comparative 
estimates  of  co»t,  or  on  the  practicability  of  underpinning  and 
tsaving  the  old  walls,  but  in  each  and  every  case  a  proi)er  deter- 
mination as  to  the  most  expedient  plan  to  be  adopted  could  only 
be  arrived  at  by  careful  and  complete  surveys  and  estimates  and 
hence  at  large  expense  for  engineering. 

These  surveys  are  entirely  completed  and  the  plans  for  the  sev- 
eral contracts  based  thereon  aire  also  practically  completed  ex- 
cept for  a  few  structures.  This  will  account  for  what  may  ap- 
pear to  be  an  undue  cost  of  engineering  as  compared  with  the 
amount  of  construction  work  done,  as  shown  by  the  foregoing 
tables. 

The  surveys  for  the  entire  work  were  started  January  13,  1896, 
which  was  within  forty-eight  hours  of  the  time  when  we  were 
notified  by  the  Comptroller  that  the  funds  for  btarting  the  work 
were  available.  The  entire  length  of  the  three  canals— 454  miles 
— was  soon  covered  by  these  surveys.  The  plans  and  profiles 
were  then  studied  with  as  mnch  care  as  the  limited  time  available 
would  i)ermit  us,  and  the  estimates  of  cost  based'  thereon  win^e 
available  early  in  1896.  These  were  necessarily  based  largely 
<m  the  judgment  of  the  varioois  engineers  in  charge  in  the  several 
sections,  and  to  their  credit,  be  it  said,  that  the  grand  total  there- 
of amounted  almost  exactly  to  the  sum  now  known  to  be  required. 

It  was,  however,  believed  that  many  items  had  found  their  way 
Into  these  estimates  that  could  be  omitted,  and  after  revising  a 
few  of  these,  covering  some  of  the  most  im;K>rtant  sections,  a  few 
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cantractB  were  awarded.  These  covered  an  amonnt  BuflBcient  to 
use  np  the  fund's  provided  by  the  Legislatu'Pe  of  1895,  and  as  no 
more  contracts  could  be  awarded  till  more  funds  were  available, 
the  intervening  months  were  spent  in  the  most  rigid  scrutiny  of 
every  plan  and  estimate  in  the  effort  to  bring  the  total  cost  vnthin 
19,000,000.  Every  resource  for  procuring  new  and  cheap  materi- 
als, for  new  designs  of  features  where  greater  economy  seemed 
possible,  for  eliminating  entirely  the  rebuilding  of  structures  that 
were  already  tottering,  was  tried  and  exhausted,  not  without 
good  results,  but  without  accomplishing  the  object  sought. 

A  glance  at  the  accompanying  tables,  which  show  that  after 
revising  the  estimates  for  all  work,  they  still  show  a  total  (En- 
gineer's estimate)  of  |14,448,402,  will  indicate  plainly  why  it  is 
impossible  to  make  19,000,000  cover  the  454  miles  of  vwwk  to  be 
improved.  Further  argument  along  that  line  seems  su{)erfluons. 
Such  a  radical  difference  was  not  to  be  overcome  by  any  form 
of  economy,  even  to  the  extent  of  slighting  a  good  portion  of  the 
work.  Notwithstanding  the  apparent  impossibility  of  reducing 
the  total  cost  to  the  sum  available,  the  estimates  for  each  contract 
were  rei)eatedly  revised  in  this  effort  to  reduce  cost,  and  it 
now  appears  that  the  effort  made  in  that  direction  has  resulted 

* 

in  cutting  out  a  large  amount  of  work  which  experience  shows 
cannot  be  avoided,  and  which  is  a  necessary  part  of  the  other 
work.  Many  miles  of  vertical  and  slope  walls  that  were  known 
to  be  urgently  needed  were  eliminated  altogether,  as  well  as 
the  rebuilding  of  many  miles  of  old  walls  and  hundtreds  of  struc- 
tures which,  though  known  to  be  in  a  badly  dilapidated  condition, 
were  believed  capable  of  lasting  a  few  years  longer,  until  other 
funds  coald  be  made  available  for  their  reconstruction. 
But  it  is  one  thing  to  say  that  such  items  could  and  must  be 
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eliminated  and  decidedly  a  different  thing  to  do  the  balance  of 
the  work  in  such  manner  as  to  make  this  possible.  A  few  in- 
stances illustrating  this  point  may  not  be  amiss. 

Between  Buffalo  and  Tonawanda  it  was  at  first  believed  that 
all  necessary  excavation  could  be  made  without  building  new 
walls  or  protecting  the  old  slope®,  and  the  contract  (Western 
Division  No.  2)  was  awarded  on  that  basis.  This  section  of  the 
canal  is  on  the  very  bank  of  the  Niagara  river,  and  runs  wholly 
through  a  strata  of  very  treacherous  clay,  which  when  wet  will 
slide  on  a  very  flat  slope. 

The  excavation  in  the  bottom  of  the  prism  was  started,  and 
though  the  old  slopes  were  not  touched,  they  began  to  slide  into 
the  canal,  and  a  serious  crack,  one  and  a  quarter  miles  long,  devel- 
oped in  the  tow  path,  threatening  to  effectually  close  the  canals. 
Under  such  circumstances  and  in  view  of  the  disastrous  effect  of 
a  break  in  the  banks  anywhere  on  this  section,  but  one  thing  could 
be  done,  viz.:  To  stop  the  excavation  until  the  banks  had  been 
protected.  This  was  done  and  the  latter  feature  will  entail  a  cost 
not  originally  contemplated  of  nearly  |150,000,  though  the  plans 
therefor  are  the  cheapest  that  could  be  devised  after  much  con- 
sultation and  study. 

The  work  through  the  city  of  Buffalo  also  gives  many  startling 
instances  of  the  unknown  quantities  incident  to  this  work.  This 
section  of  the  canal  being  at  the  same  water  surface  as  Lake  Erie 
must  be  drained  artificially,  and  as  this  had  not  been  done  in  over 
thirty  years,  little  could  be  known  or  ascertained  concerning  the 
condition  of  the  old  walls,  bridge  abutments,  culverts,  unrecorded 
sewers  and  other  structures,  or  even  of  the  nature  of  the  materials 
to  be  excavated,  though  the  estimates  for  the  latter  feati^re  are 
very  cloae.   It  miust  be  understood  tha/t  the  depth  oif  excavation  on 
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this  section  was  from  2  to  4  feet  on  the  center,  while  along  the 

wallfl  this  depth  was  from  6  to  9  feet.  The  condition  of  the  greater 
portion  of  the  walls,  therefore,  conld  not  possibly  be  ascertained 
nntil  the  canal  had  been  drained  and  the  excavation  completed. 
New  canal  bottom  on  this  section  is  barely  9  feet  below  the  low 
water  surface  of  I^ake  Erie. 

As  the  latter  work  progressed  it  was  found  that  a  great  part 
of  the  vertical  walls  were  not  founded  on  rock,  but  on  a  single 
timber  with  about  one  foot  of  earth  intervening  between  it  and 
rock.  It  was  found  almost  impossible  to  underpin  and  save  walls 
60  built,  and  in  many  cases  where  it  was  attempted  the  walls 
afterward  fell  in.  It  was  then  seen  that  while  the  faces  of  the 
walls  seemed  to  indicate  a  fair  grade  of  work,  they  were  laid  up 
absolutely  without  bond,  the  face  stones  merely  forming  a  veneer 
for  the  loose  backing  that  had  apparently  been  simply  dumped 
into  place.  The  photographs  accompanying  this  report  fully  illus- 
trate these  features  and  also  show  the  difference  between  the  old 
and  new  walls. 

The  Erie  and  Gtenesee  street  bridges  on  this  contract  are  also . 
worthy  of  comment.  As  the  excavation  at  these  points  pro- 
gressed, it  was  found  that  the  abutments  for  these  heavy  bridges 
were  not  carried  down  even  to  the  level  of  the  old  canal  bottom, 
but  were  from  8  to  10  feet  above  same  and,  therefore,  from  11  to 
14  feet  above  new  canal  bottom.  Both  were  founded  on  treacher- 
ous clay,  and  at  Genesee  street  an  old  forgotten  sewer  had  com- 
pletely saturated  the  foundation  of  the  north  abutment,  in  which 
it  ended  and  by  which  its  outlet  was  cut  off. 

The  rebuilding  of  these  structures  meant  a  serious  outlay  and 
interruption  of  traffic,  but  it  was  soon  found  to  be  unavoidable, 
for,  while  trying  to  save  them,  both  failed  and  fell  into  the  canaL 
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The  remoYal  of  the  water  from  this  section  of  the  canal  neces- 
sarily took  from  its  walls  a  large  factor  of  sustaining  pressure, 
and  this  fact  has  materially  aided  the  coUapee  of  many  pieces  of 
old  wall. 

Another  section  of  the  work  that  has  been  prolific  of  increased 
cost  over  the  estimates  and  of  difficulties  to  be  encountered  is  the 
"  Jordan  Level "  on  the  middle  division,  extending  between  locks 
60  and  51.  This  section  runs  almost  wholly  through  a  swamp, 
underlaid  with  the  moet  treacherous  marl  and  quicksand,  the 
water  surface  of  the  canal  being  above  the  surface  of  the  swamp 
in  many  places.  This  feature  has  rendered  the  draining  of  the 
work  a  very  serious  matter.  The  weight  of  water  which  accumu- 
lates back  of  the  banks  during  the  winter  and  spring  months  has 
in  many  places  formed  a  sufficient  extra  load  to  cause  the  banks 
to  slide  on  their  unstable  foundations,  and  it  has  been  deemed 
expedient  to  insure  the  integrity  of  the  deepened  canal  to  con- 
struct several  large  permanent  ditches  to  keep  the  surface  water 
away  from  the  canal  banks.  This  work  was  not  originally  con- 
templated. It  was  originally  believed  the  new  slope  walls  would 
be  built  along  this  level  by  founding  them  on  short  piles  about 
eight  feet  long,  and  much  of  the  work  so  built  is  standing  in  good 
shape,  though  for  many  miles  of  the  distance  it  was  found  almost 
impossible  to  keep  such  piling  in  position  long  enough  to  complete 
the  work.  Long  rows  of  them  driven  during  a  given  day  would  be 
found  the  following  morning  lifted  bodily  and  toppled  over  in  the 
canal.  Other  piles  of  30  and  even  40  feet  in  length  were  driven, 
and  these  also  would  lift  bodily  from  six  to  eight  feet  in  one  night, 
though,  strange  to  say,  these  when  redriven  usually  remained  in 
place. 

On  a  large  part  of  this  level  the  excavation  from  canal  bottom 
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has  been  done  several  times,  since  it  has  been  a  frequent  experi- 
ence to  find  that  the  canal  bottom  of  a  completed  section  had  lifted 
suddenly  to  a  greater  height  than  when  the  first  excavation  was 
started. 

Bridge  abutments  along  this  section  slid  into  the  canal,  simplj 
from  being  relieved  of  the  counter-balancing  weight  of  the  super- 
structure  while  attempting  to  raise  the  latter  to  the  new  requii'ed 
height.    These  have  had  to  be  rebuilt  at  considerable  cost. 

Every  device  has  been  suggestt.d  or  tried  to  restrain  and  control 
tiiis  material  and  complete  the  work  in  a  thorough  manner,  but 
this  certainly  cannot  be  done  without  largely  increased  cost,  and 
it  is  equally  certain  that  these  conditions  could  not  well  have  been 
foreseen  nor  avoided  if  foreseen.  In  other  localities  the  disturb- 
ance of  the  old,  silted  canal  bottom  has  developed  a  large  amount 
of  leakage  and  this  becomes  a  very  serious  matter  where  it  hap- 
pens  in  a  village,  as  at  Ilion  and  Fort  Plain,  where  many  cellars 
were  flooded  and  it  was  found  imperative  to  build  expensive 
drains  to  collect  and  carry  off  such  leakage. 

Since  the  water  has  been  withdrawn  from  the  Ohamplain  canal, 
a  piece  of  the  towpath  about  1,000  feet  in  length  on  contract  No. 
10,  but  near  which  no  work  has  yet  been  done,  has  broken  away 
•f  its  own  weight  and  about  half  the  towing  path  and  the  walls 
along  same  for  the  distance  stated  have  slipped  into  the  canal. 
None  of  the  contractors'  operations  have  been  carried  on  in  this 
vicinity  and  the  present  condition  of  affairs  is  simply  due  to  old 
age  and  forces  beyond  the  control  of  any  one.  Of  course  there  is 
nothingto  do  but  to  restore  the  work  that  has  thus  been  destroyed 
and  its  restoration  will  add  to  the  cost  of  contract  No.  10  several 
thousand  dollars.  Several  similar  cases  have  been  reported  to  us 
in  the  laBt  few  days. 
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The  foregoing  instances  of  how  and  why  the  items  of  increased 
cost  are  constantly  being  encountered  will  serve  to  indicate  cor- 
responding features  on  nearly  all  of  the  other  contracts,  though 
probably  the  cost  of  the  latter  will  not  be  increased  at  the  same 

0 

ratio  as  those  above  mentioned.  The  experience  thus  far  indi- 
cates, however,  that  the  estimated  cost  will  be  increased  on  most 
of  the  contracts,  though  on  twp  of  those  for  which  final  accounts 
have  been  paid,  the  cost  will  be  seen  to  be  considerably  less  than 
the  engineer's  estimate.*  On  the  sections  for  which  contracts 
have  been  awarded,  the  contract  prices  will  be  found  to  equal  a 
total  about  8  per  cent,  less  than  that  of  the  engineer's  estimates, 
and  the  difference  will  go  a  long  way  toward  paying  for  items 
and  quantities  not  originally  contemplated.  At  the  same  time 
the  reason  for  using  the  engineer's  estimates  instead  of  the  esti- 
mates at  contract  prices  as  the  basis  of  probable  total  cost  in  the 
accomipanying  tables  will  be  apparent.  It  is  a  physical  impos- 
sibility to  determine  definitely  before  these  contracts  are  awarded 
the  total  quantities  of  the  various  kinds  of  work  that  will  be  re- 
quired. This  can  only  be  determined  as  the  work  progresses  and 
unexpected  conditions  are  uncovered. 

It  should  be  understood  that  the  contractors  do  not  agree  to 
coan/plete  a  given  section  of  the  work  for  a  given  sum.  What 
they  do  agree  to  is  to  do  any  required  amount  of  the  several  kinds 
of  work  enumerated  in  their  contract  at  rates  fixed  therein.  In 
other  words  they  are  paid  for  what  they  actually  do — ^no  more,  no 
less.  ,  t 

It  should  also  be  borne  in  mind  that  practically  every  feature 
of  the  three  canals  in  question  is  over  seventy  years  old  and  it 
should  therefore  be  expected  that  nature's  forces  during  this  long 
time  have  not  helped  to  ke6p  the  various  features  of  these  canals 
in  good  condition. 
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The  whole  work  can  be  likened  to  the  well  known  unsatisfac- 
tory task  of  remodeling  an  old  house  and  any  one  who  has  ever 
undertaken  that  task  will  appreciate  the  force  of  the  comparison. 
Every  step  in  the  new  work  seems  to  reveal  something  in  the  old 
that  was  either  unforeseen  or  supposed  to  be  avoidable,  and  that 
process  goes  on  to  the  end. 

The  unforeseen  or  supposedly  avoidable  features  in  this  work 
will  amount  to  a  vast  sum  of  money,  but  not  a  penny  of  this  has 
been  or  will  be  paid  until  the  plans  covering  such  work,  together 
with  a  written  explanation  of  each  and  every  item  of  cost,  have 
been  submitted  to  the  cajial  board  and  duly  approved. 

The  features  of  the  work  involving  additional  quantities  or 
extra  items  prevail  to  a  greater  or  less  degree  throughout  the 
length  of  the  work. 

In  order  to  give  a  fair  idea  of  the  great  cost  of  the  vertical 
walls  it  may  be  stated  that  20  miles  (one  side  only)  will  consume 
a  million  doUarsw  Bear  in  mind  that  the  whole  work  involved 
is  454  miles  long.    * 

The  old  slope  walls 'constitute  another  of  the  important  features 
involving  additional  cost  Comparatively  a  small  amount  of  the 
old  slope  walls  was  exposed  to  view  when  the  original  surveys 
and  estimates  were  made.  Along  most  of  the  work  the  walls 
were  covered  by  deep  snow  and  even  after  this  had  been  removed 
or  melted  away,  the  lower  portion  of  most  of  the  walls  were 
found  to  be  covered  to  a  considerable  depth  with  silt.  Thousands 
of  test  pits  have  been  dug  to  ascertain  the  exact  conditions  as 
nearly  as  possible^  still  it  is  found  on  removing  the  silt  that  much 
of  these  walls  is  unfit  for  further  service — in  fact,  large  quanti- 
ties have  slid  into  the  canal  as  a  result  of  the  necessary  excava- 
tions. 
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These  walls  form  the  only  protection  to  the  banks  over  the 
greater  jwrtion  of  the  three  canals  and  some  protection  of  this 
kind  is  absolutely  necessary.    The  conditions  are  dealt  with  as 

4 

they  are  encountered,  and  the  fact  that  the  quantities  are  in- 
creased beyond  the  amounts  shown  in  the  contracts  does  not  in 
any  manner  indicate  that  the  contractors  are  being  overpaid.  It 
is  certainly  equitable  for  the  State  to  pay  at  a  fair  rate  for  all 
the  work  it  orders  done. 

Another  feature  of  the  work  where  additional  quantities  and 
sometimes  a  total  change  of  plan  are  made  necessary  is  in  the 
uncovering  of  a  gravel  or  other  porous  bed  in  the  bottom  of  the 
canal,  so  that  large  leaks  develop,  frequently  with  injurious 
effects  to  adjoining  property.  In  many  of  these  cases  thousands 
of  dollars  have  been  spent  in  past  years  in  removing  a  quantity  of 
such  porous  materials  and  replacing  them  with  clay  puddled  into 
place  or  with  concrete.  In  many  cases  this  work  has  been  done 
so  many  years  ago  and  no  record  thereof  properly  filed  that  the 
actual  conditions  have  long  since  been  forgotten. 

Such  conditions  are  frequent  occurences,  and  while  the  localities 
of  some  of  them  are  well  known,  there  are  many  other  cases  that 
are  wholly  unexpected.  There  is  only  one  thing  to  be  done  tinder 
the  circumstances,  namely  to  increase  the  quantities  of  excava- 
tion, lining,  puddling,  sheet  piling  and  concrete  and  make  the 
canal  tight  or  else  expend  a  large  amount  of  money  in  building 
drains  to  take  care  of  the  leakage. 

Most  of  the  old  structures  are  in  a  dilapidated  condition,  but 
frequently  the  actual  conditions  are  not  ascertained  until  the  ex- 
cavations have  progressed  to  such  an  extent  as  to  reveal  the 
foundations.  Many  of  the  old  structures  appear  to  have  been 
well  built  above  the  grade  or  foundation  line,  while  the  work 
below  same  is  found  to  be  of  a  very  inferior  class. 
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Under  the  Bpecifications  any  material  that  cannot  be  plowed  is 
clasBifled  and  paid  for  as  solid  rock.  There  is  a  considerable 
amount  of  this  class  of  work  on  each  of  the  three  divisions  that 
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was  originally  estimated  as  earth,  because  to  all  appearances  it 
was  earth  and  the  top  portion  of  same  could  easily  be  plowed* 
After  having  been  uncovered  and  its  true  nature  ascertained,  and 
after  making  the  most  exhaustive  attempts  to  remove  same  with- 
out blasting,  and  failing  to  do  so,  the  material  must  be  paid  for  as 
rock  according  to  the  contract.  This  will  largely  increase  some 
of  the  estimates. 

A  great  many  of  the  old  culverts  have  performed  their  work 
satisfactorily  and  were  supposed  to  be  in  a  fit  condition  to  con* 
tinue  to  do  so  for  many  years,  but  after  making  the  necessary 
excavation  the  tops  of  some  of  these  have  been  found  so  near  to 
the  bed  of  the  canal  that  it  has  been  thought  best  to  uncover  them 
and  ascertain  their  exact  condition.  It  was  then  seen  that  they 
could  not  longer  be  depended  upon  to  hold  back  the  water  in  the 
canal  after  the  earth  over  them  had  been  removed,  and  it  has  been 
necessary  in  some  cases  to  remove  the  old  covering  altogether  and 
substitute  better  construction,  while  in  other  cases  an  additional 
course  of  concrete  or  a  layer  of  clay  puddle  has  been  placed  over 
the  tops  and  found  to  work  satisfactorily.  If  any  considerable 
leakage  should  develop  at  one  of  these  culverts  it  might  easily 
lead  to  a  break  of  considerable  magnitude,  the  mending  of  which 
would  cost  many  times  the  amount  involved  to  prevent  such  a 
break,  beside  the  further  necessity  of  delaying  trafBc 

The  old  aqueducts  are  in  about  the  same  general  condition 
physically  as  the  balance  of  the  structures,  and  it  is  not  always 
possible  to  determine  the  exact  condition  of  these  structures  even 
when  the  water  is  out  of  the  canal.    Nearly  all  of  them  are  very 
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old  and  there  are  but  very  few  that  are  still  capable  of  carrying- 
the  old  depth  of  seven  feet  of  water,  while  it  is  certain  that  they 
will  not  carry  nine  nor  even  eight  feet.  iSome  of  these  structures,. 
which  at  the  time  the  original  estimates  were  made  were  snip- 
posed  to  be  capable  of  lasting  several  years  longer,  are  now  found 
to  be  utterly  unfit  for  further  use.  Two  cases  in  point  are  the 
Crane  Brook  aqueduct  and  the  Port  Byron  aqueduct  on  the  Mid- 
dle Division,    i 

The  strains  which  these  old  structures  have  encountered  during^ 
the  past  season  of  navigation  have  placed  them  in  a  critical  condi-^ 
tion,  and  they  must  be  rebuilt  before  the  opening  of  navigatioi^ 
next  spring.  The  additional  cost  of  making  such  of  these  aque- 
ducts as  require  rebuilding  available  for  nine  feet  of  water  instead 
of  eight  feet  is  almost  nothing  and  in  nearly  every  such  case  they 
win  be  arranged  for  nine  feet  of  water.    * 

If  the  whole  work  covered  only  a  few  miles  it  would  be  com- 
paratively easy  to  carefully  investigate  each  and  every  feature- 
connected  therewith  and  determine  the  probable  cost  with  far 
greater  accuracy  than  is  coneistenit  with  reasonable  cost  of  the 
454  miles  of  work  embraced  in  this  improvement  plan.  More^ 
over,  practically  all  the  surveys  and  investigations  conceming^ 
the  physical  conditions  of  the  work  mmst  necessarily  be  made 
during  the  winter  months,  when  the  ground  is  frozen  or  covered 
with  snow,  thereby  rendering  it  difficult,  if  not  quite  impossible, 
to  determine  these  features  with  any  considerable  degree  of 
accuracy.  It  might  naturally  be  supposed  that  this  office  would 
have  an  almost  infinite  variety  and  amount  of  useful  data  con- 
cerning the  old  work  and  the  plans  of  the  structures,  but  that 
is  not  the  case.  The  available  records  are  decidedly  mea^e 
and  even  some  of  those  available  have  been  found  to  be  abso- 
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lutely  untrustworthy.  For  instance,  there  are  plans  showing 
amproTed  locks  founded  on  solid  rock,  when,  as  a  matter  of  faot 
we  have  discovered  that  they  are  founded  on  piling.  Numerous 
Instances  of  this  kind  haye  been  found. 

Ex-State  Engineer  Schenck  in  preparing  ex-Superintendept 
Hannan's  reiport  to  the  Constitutional  Convention  called  especial 
attention  to  the  fact  that  neither  of  our  Departments  had  any 
reliable  data  to  form  a  basis  for  the  estimates  of  coet  of  the  work 
now  undier  way.  It  has  been  supposed  by  many  that  careful 
plans  and  estimates  had  been  prepared  for  improving  the  canals 
under  what  is  known  as  the  "  Seymour  plan  "  (substantially  the 
plan  now  being  pursued)  and  it  seems  but  proper  for  us  to  state 
here  that  that  plan  was  simply  and  only  a  suggestion  from  ex- 
^tate  Engineer  Seymour  as  to  what  should  be  done  to  improve 
the  canals,  and  no  plans  nor  estimates  based  thereon  were  ever 
prepared  by  him  or  his  successors.  A  few  words  concerning 
the  eoope  of  the  present  work,  therefore,  seem  to  be  warranted. 

The  laws  governing  this  work  direct  a  new  depth  of  nine  feet 
of  water  on  the  Erie  and  Oswego  canals,  except  over  aqueducts, 
mitre-sills  and  other  permajient  structures,  where  the  depth  must 
be  at  least  eight  feet. 

It  will  be  apparent  at  a  glance,  then,  that  a  depth  of  one  foot 
l)elo»w  and  between  these  structures  would  produce  practically 
no  results,  and  it  is  equally  apparent  that  if  nine  feet  of  water 
could  be  had  over  these  structures  each  boat  could  load  to  one 
foot  more  draft,  or  an  additional  paying  load  of  fifty  tons,  or  an 
increase  of  twenty  per  cent  in  that  paying  load.  Therefore,  by 
obtaining  this  depth  throughout,  instead  of  only  between  struo- 
eures,  a  gain  for  the  boatmien  equal  to  that  obtained  from  the 
entire  balance  of  the  work  might  be  accomplished.    With  this 
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act  in  view  it  was  but  natural  that  we  should*  attempt  to  obtain 
nine  feet  throoighout.  If  all  the  old  structures  were  otherwise 
flit  for  the  new  work,  this  could  only  be  done  at  great  cost,  but 
as  a  matter  of  fact  nearly  every  such  structure  requires  either 
alteration  or  rebuilding,  and  it  is  found  that  the  additional  cost 
of  fixing  these  structures  for  nine  feet  of  water,  over  what  is 
otherwise  required  is  almost  insignificant.  For  instance,  if  an 
old  timber  aqueduct  is  too  far  decayed  to  be  able  to  carry  eight 
feet  of  water,  and  must  be  rebuilt  anyhow,  the  additional  cost 
of  rebuilding  for  nine  feet  depth  is  almost  nil.  The  additional 
cost  of  lowering  a  lock  fioor  two  feet  instead  of  one  foot  will  not 
amount  to  over  f  500,  on  the  plan  that  has  been  used  and  proven 
successful  at  locks  46,  49  and  50.     (See  illustrations  in  appendix.) 

It  would  be  ridiculously  foolish  not  to  take  advantage  of  these 
opportunities  for  acquiring  nine  feet  of  water,  especially  on  the 
EJrie  canal,  and  consequently  that  general  policy  is  being  pur- 
sued. 

However,  it  should  not  be  inferred  that  all  work  is  being  made 
to  conform  arbitrarily  to  this  standard.  On  the  contrary,  there 
will  be  quite  a  number  of  places  where  there  will  be  but  eight 
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feet  of  water  after  the  improvements  are  completed.  These  occur 
at  structures  where  it  is  not  absolutely  necessary  to  d)o  any 
;^ork  to  obtain  eight  feet  of  water,  and  they  are,  therefore, 
planned  to  be  left  in  their  present  shape  for  a  few  years  more 
until  the  necessity  for  rebuilding  them  will  offer  the  opportunity 
of  making  them  conform  to  the  nine  feet  standard.  These  con- 
stitute the  only  changes  that  are  being  made  in  the  much  dis- 
cussed "  Seymour  plan  "  for  the  improvement  of  the  canals,  ex- 
cept for  the  lengthening  of  the  locks,  but  no  work  on  the  locks 
differing  from  the  Seymour  plan  has  yet  been  done,  except  in  the 
preparation  of  plans  and  estimates. 
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LOCK  LENGTHENING. 

We  have  heretofore  suggested  that  great  benefits  to  our  canal 
eommerce  would  follow  the  lengthening  of  all  locks,  not  only  to 
double  boat  length,  but  to  such  length  as  to  permit  the  passage 
of  two  boats  each  115  feet  long,  instead  of  98  feet,  as  at  present. 
This  would  enable  each  boat  to  add  over  17  per  cent,  to  its  pay- 
ing loajd  without  materially  increasing  its  resistance  to  propul- 
sion. Much  study  has  been  given  to  this  feature,  but  no  actual 
work  towairds  its  consummation  has  been  done,  principally  be- 
cause all  the  old  locks  yet  to  be  lengthened,  except  at  Little 
Falls,  must  be  treated  in  a  different  manner  than  has  yet  been 
tried,  because  of  their  peculiar  location  and  surroundings.  The 
Erie  locks  remaining  to  be  lengthened  are  as  follows: 

Two  near  Albany,  sixteen  at  Cohoes,  four  at  Little  Falls,  three 
at  Newark,  five  at  Lockport. 

Locks  21  and  22  of  the  Erie  canal  have  been  lengthened  under 
the  present  improvement  and  were  used  during  the  past  season. 
These  are  located  at  either  end  of  a  sharp  curve,  and  some  diffi- 
culty has  been  experienced  in  turning  two  boats,  west  bound,  so 
aa  to  enter  lock  22.  This  condition  could  be  greatly  improved  by 
extending  the  towpath  on  the  south  side  of  the  canal  from  the 
new  change  bridge  east  of  lock  21  across  the  upper  Mohawk  aque- 
duct to  the  present  bridge  just  west  of  this  aqueduct.  With  the 
towpath  on  the  outside  of  the  curve,  between  these  locks,  the  ten- 
dency is  to  pull  the  boats  toward  the  towpath.  In  order  to  enter 
the  len^hened  chamber  of  lock  22,  which  is  on  the  opposite  sid'e 
from  the  towpath,  they  should  be  pulled  away  from  the  new  tow- 
path. 

As  85  per  cent  of  the  canal  traffic  passes  into  the  Hudson  river 
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at  Troy,  the  great  expense  of  lengthening  locks  1  and  2,  near 
Albany,  hardly  seems  justified.  It  will  be  imiyosslble  to  lengthen 
lock  No.  1  on  its  present  location. 

A  great  deal  of  study  has  been  devoted  to  the  subject  of  length- 
ening the  four  locks  at  Little  Palls,  Nos.  36,  37,  38  and  39,  and 
several  different  plans  and  estimates  have  been  prepared  to  get 
gf  clear  idea  of  comparative  cost  and  desirability.  These  studies 
seem  to  indicate  that  the  cheapest,  and,  doubtless,  the  most  ex- 
pedient course  to  pursue  is  to  lengthen  all  of  these  locks  substan- 
tially in  accordance  with  the  plan  that  has  heretofore  been  fol- 
lowed in  similar  cases. 

The  three  locks  at  Newark,  Nos.  57,  58  and  59,  present  a  pecu- 
liar problem.  It  will  be  imposBible  to  lengthen  all  of  them  in 
their  present  location  on  account  of  the  sharp  curves  on  which 
they  are  located  and  still  enable  boats  to  enter  and  leave  them 
freely,  and  even  though  this  could  be  done,  it  is  believed  to  be 
cheaper  to  change  the  route  at  this  point  and  combine  these  three 
locks,  which  are  of  low  lift,  into  two  of  greater  lift.  This  course 
would  save  the  time  required  for  passing  6ne  lock. 

At  Lockport  another  i)eculiar  situation  is  encountered  and  it 
will  be  found  physdcially  impossible  to  lengthen  the  present  series 
of  five  locks  at  that  i)oint  during  the  five  months  in  which  the 
canals  are  closed,  especially  if  the  locks  are  to  be  lengthened  in 
the  usual  manner.  To  do  this  would  necessitate  the  closing  of 
the  Erie  canal  during  one  season  of  navigation,  or  at  least  a 
greater  part  of  it,  and  that  is,  of  course,  out  of  the  question.  A 
complete  set  of  plans  foir  a  steel  lift  lock,  similar  to  the  one  pro- 
posed for  Oohoes,  has  been  prepared  for  this  point,  and  they  have 
been  approved  by  the  canal  board.  Considerable  of  the  prepar- 
atory wo(rk  under  these  plans  could  be  d!one  during  the  oeason 
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to  a  new  junction  with  the  CKamplain  Canal  at  the 

south  side  of  the  Cohoes  Dom. 
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at  navigatioB,  and  the  locks  ooald  be  completed  daring  the  closed 
season,  but  whether  this  wbb  done  or  not,  the  plan  at  this  point 
contemplates  leaving  the  old  locks  intact  and  placing  the  pro- 
posed Btrnctore  jnst  sonth  thereol,  so  as  not  to  interfere  with 
the  old  locks  in  aniy  manner.  Aside  from  the  question  of  possi- 
bilities of  doing  any  work  at  this  point  within  a  given  time, 
the  steel  lift  lock  will  be  found  far  cheaper  than  any  other  plan. 
This  subject  has  been  canvassed  very  thoroughly  during  the 
past  two  years,  and  three  complete' sets  of  plans  have  been  pre* 
pared,  representing  as  many  different  methods  of  accomplish- 
ing the  desired  end.  We  have  selected  the  one  which  seems 
best  able  to  meet  all  the  requirements  after  much  careful  consid- 
eration. *      I 

The  plans  for  this  lock,  and  also  that  proposed  for  Cohoes,  will 
be  capable  of  passing  two  boats  conpled  together,  each  115  feet 
long.  At  Lockport,  as  at  Oohoes,  a  great  saving  in  operating 
expenses,  and  the  expense  to  the  boatmen  for  hauling  the  extra 
boats  of  each  fleet,  as  well  as  a  considerable  saving  of  time,  could 
be  effected. 

« 

PBOPOSED  CHANGE  IN  ROUTE  AT  COHOES. 

■ 

The  series  known  as  "  the  sixteens "  (3  to  18)  at  Cohoes  are 
scattered  along  a  distance  of  over  three  miles,  and  follow  a  tor- 
tuous, dangerous,  side-hill  route  throughout  that  distance.  To 
lengthen  these  locks  and  improve  the  levels  between  them  will 
lertainly  cost  11,800,000,  owing  to  their  peculiar  location  and 
surroundings  and  the  dilapidated  condition  of  the  present  canal. 

An  exceptionally  advantageous  alternative  route  is  offered  at 
this  point,  as  shown  on  the  map  submitted  herewith.  Briefly, 
this  plan  contemplates  the  improvement  of  that  portion  of  the 
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present  Champlain  canal  between  its  junction  with  the  Erie  canal 
and  the  Cohoes  dam  to  the  improved  Erie  canal  standard,  then 
at  a  point  just  south  of  the  guard  lock  at  the  south  end  of  the 
Ck)hoes  dam  a  new  channel  of  standard  Erie  dimensions  is  de- 
signed to  be  built  in  the  bed  of  the  Mohawk  river  and  along 
the  southerly  side  thereof.  This  channel  would  be  protected 
from  the  flood'  waters  of  the  river  by  a  wall  and  embankment 
which  will  form  the  towpath.  This  work  would  be  about  a  mile 
in  length,  and  will  lead  up  to  a  point  just  below  the  high  falls 
at  Cohoes.  At  this  point  the  plans  call  for  a  steel  lock,  to  be 
operated  mechanically,  with  compressed  air  as  the  power.  This 
one  lock  will  overcome  the  difference  in  elevation  between  the 
river  level  and  the  present  level  of  the  Erie  canal  above  lock  18, 
with  one  vertical  life  of  about  140  feet  From  the  top  of  this  lock 
a  steel  aqueduct  about  500  feet  in  length  will  lead  to  and  connect 
with  the  present  channel  of  the  Erie  canal  at  a  point  just  above 
lock  18. 

After  making  the  most  liberal  allowance,  it  seems  absolutely 
certain  that  this  change  of  route  will  enable  us  to  effect  a  saving 
over  the  cost  of  improving  the  Erie  canal  along  its  present  route 
of  at  least  f  600,000,  and  a  still  further  saving  of  at  least  f 40,000 
per  year  in  the  operating  expenses  can  certainly  be  effected, 
while  the  annual  repair  item  on  this  section  which,  because  of 
its  old  and  dangerous  condition,  is  now  expensive,  can  be  prac- 
tically eliminated'  for  many  years  to  come,  because  we  would 
have  a  new  canal,  instead  of  an  old  one,  to  maintain.  Moreover, 
the  saving  of  time  for  each  boat  of  from  four  to  eight  hours, 
depending  upon  the  briskness  of  traffic,  can  be  made  on  each 
trip.  As  most  of  the  boats  make  seven  round  trips  per  year,  it 
will  be  seen  that  this  saving  is  well  worth  making. 
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Under  present  methods  of  navigation,  most  of  the  boats  ran 
in  fleets  of  four,  with  only  one  propeller,  and  since  the  fleet  has 
to  be  broken  up  at  these  locks,  and  the  levels  between  them  are 
too  shoFt  to  warrant  connecting  th^  fleet  again,  it  becomes  neces- 
sary for  each  boat,  aside  from  the  propeller,  to  hire  an  extra  team 
and  helmsman.  This  extra  cost  to  the  boatmen  could  be  saved 
under  the  proposed  new  plan. 

If  this  route  be  adopted,  the  present  route  for  a  distance  of 
three  and  one-third  miles  could  be  abandoned  and  sold  for  a  hand- 
some sum,  which  could  be  applied  on  the  cost  of  the  new  route^ 
thus  adding  largely  to  the  saving  of  cost. 

As  the  proposed  lift  locks  would  use  practically  no  water,  the 
amount  now  required  to  operate  "  the  sixteens  "  could  be  utilized 
for  i>ower  to  the  great  advantage  of  the  Oohoes  mills,  as  they  are 
DOW  obliged  to  suspend  work  for  lack  of  water  during  several 
weeks  of  each  year. 

The  plans  for  the  work  to  be  done,  if  this  route  is  adopted,  are 
very  nearly  completed,  and  the  work  could  be  started  within  two 
months,  if  the  necessary  funds  were  available. 

PHOTOGRAPHS. 

In  an  appendix  to  this  reiK>rt  will  be  found  a  large  number  of 
photographs,  which  show  the  salient  features  of  portions  of  the 
canal  improvement  work,  with  special  reference  to  the  character 
of  the  old  walls  and  structures.  These  d'o  not  represent  excep- 
tional cases;  they  are  characteristic  of  most  of  the  work. 

STATE  LANDS. 

Throughout  the  past  year  an  unusually  large  amount  of  corres- 
pondence has  been  received  from  surveyors,  attorneys  and  other 
sources  in  different  parts  of  the  State,  asking  for  copies  of  the 
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records^  field  notes,  maps,  etc.,  the  originals  of  which  are  on  file 
In  this  ofSce.  ^ese  represent  the  original  snrvejs  of  a  large 
portion  of  the  entire  State,  and  particularly  of  the  Adirondack 
section,  where  the  State  has  recently  acquired  title  to  many 
thousands  of  acres.  Many  of  these  records  are  very  old;  some  of 
them  were  made  during  the  early  part  of  the  last  century,  and  as- 
they  form  the  original  description  of  boundary  lines  and  monu- 
ments, they  are  of  great  value  and  importance  as  recently  de- 
veloped in  connection  with  the  newly  acquired  lands  of  the  State 
Forest  Preserve.  The  value  of  many  of  these  documents  is  con- 
stantly increasing  with  the  growing  demands  for  the  acquisitioa 
of  the  remaining  land  necessary  for  the  completion  of  the 
Adirondack  park.  As  is  usual  with  such  old  records  their  value 
is  seldom  appreciated —  except  by  those  who  have  occasion  to- 
refer  to  them — until  time  and  constant  handling  have  seriously 
impaired  their  usefulness,  and  the  records  in  question  are  no- 
exception  to  the  general  rule. 

Many  of  these  old  documents  were  poorly  executed  in  the  be- 
ginning, some  were  on  very  poor  pai)er  which  has  grown  exceed- 
ingly  brittle,  and  in  many  cases  of  this  kind  the  jmper  is  rapidly^ 
crumbling  away.  Many  of  them  are  done  with  such  poor  ink 
that  they  are  now  barely  legible,  and  if  they  should  perchance 
be  destroyed  or  lost,  there  is  now  no  way  to  replace  them. 

Chapter  790  of  the  Laws  of  1897  appropriated  f  1,000  for  copy- 
ing and  preserving  these  old  records,  but,  owing  to  the  fact  that 
the  office  has  been  almost  constantly  torn  up  during  the  past  year 
in  connection  with  the  repairs  which  have  been  made  to  this^ 
building,  it  has  not  been  possible  to  accomplish  as  much  of  thi& 
work  as  was  desired.  This  appropriation  will  probably  not  be 
sufllcient  to  cover  the  copying  of  all  of  these  old  records,  and  it 
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surely  irill  not  make  any  proyision  for  their  greater  safety;  hence, 
I  recommend  that  a  f  nrther  appropriation  of  {4,000  be  inclnded  in 
this  year's  snpply  bill,  so  that  this  work  can  be  poshed  to  com- 
pletion, and  a  suitable  modem  safe  provided  for  their  protection. 

There  have  been  received  and  reported  on  during  the  i>ast  year 
seyenty-nine  applications  for  grants  of  land  under  water,  of  which 
seventy  were  for  "  beneficial  enjoyment ''  and  nine  for  "  purposes 
of  comanerce,''  situated  in  the  different  counties  as  follows: 

Jefferson,  3;  Kings,  40;  New  York,  2;  Niagara,  2;  Queens, 
S;  Richmond,  11;  Eockland,  2;  Westchester,  5;  and  Albany, 
Chautauqua,  Cayuga,  Columbia  and  Greene,  1  each;  from  which 
it  will  be  seen  that  there  were  60  applications  from  the  counties 
of  Kings,  Queens  and  Richmond,  which  was  due  to  the  efforts  of 
riparian  owners  to  obtain  grants  before  January  1,  1898,  when 
the  charter  of  the  city  of  Greater  New  York  became  operative. 

The  statutes  direct  that  the  State  Engineer  and  Surveyor  shall 
sell  at  public  auction  all  of  those  unappropriated  lands  of  the 
State  which  may  be  ordered  sold  by  the  commissioners  of  the 
land  office,  as  well  as  all  lands  acquired  by  the  State  through  tax 
sales,  foreclosures  of  United  States  mortgages,  escheats,  etc. 
During  the  past  fiscal  year  there  were  sold  194  parcels,  located 
in  12  counties  as  follows: 

lOhautauqua,  2;  Kings,  18;  Niagara,  7;  Onondaga,  4;  Rockland, 
4;  Richmond,  74;  and  Albany,  Allegany,  Herkimer  and  Oswego, 
leach. 

The  Constitution  of  the  State  provides  that  the  State  Engineer 
and  Surveyor  shall  be  one  of  the  commissioners  of  the  land  office, 
and  as  such,  all  applications  to  that  body  for  grants  of  land  under 
navigable  water  are  referred  to  this  department  for  examination 
and  report,  as  are  also  a  large  number  of  miscellaneous  matters 
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relating  to  State  lands.    These  maps  and  papers  require  careful 
inspection,  and  consume  and  receive  a  great  deal  of  time. 

The  maps  and  papers  are  examined  to  determine  their  correct- 
ness and  prox)er  fonn>  both  from  an  engineering  standpoint  and 
to  insure  their  conformity  to  the  rules  and  regulations  of  the 
commissioners  of  the  land  office,  and  to  determine  whether  or  not 
the  making  of  the  grant  would  interfere  with  nayigation,  and  that 
the  lines  conform  to  the  pier  and  bulkhead  lines  where  they  are 
established  and  are  equitable,  and  do  not  conflict  with  the  rights 
of  the  adjoining  riparian  owners.  During  the  past  year  a  num- 
ber of  these  applications  for  water  grants  have  been  contested, 
or  had  remonstrances  filed  against  them,  and  hearings  have  been 
necessary  to  determine  the  rights  of  the  several  interested  parties, 
and  the  adjudication  of  the  contested  matter,  and  reporting  the 
outcome  to  the  commissioners  of  the  land  office. 

SURVEYS  FOR  THE  COURT  OF  CLAIMS. 

These  surveys,  made  under  the  direction  of  this  department, 
furnish  the  attorney-general  with  maps  and  data  on  which,  in 
most  cases,  he  bases  his  defense  of  the  suits  against  the  State  for 
damages  arising  from  overflow  and  accidents  usually  connected 
with  the  canals. 

The  engineer  in  charge  of  this  work  gives  expert  testimony, 
covering  a  wide  range,  mostly  in  the  line  of  hydraulics,  and  fur- 
nishes  estimates  of  damage  done  and  cost  of  restoring  the  prop^ 
erty  to  its  original  condition.  The  greatest  degree  of  accuracy 
is  necessary  in  reestablishing  the  "  Blue  Line,"  i.  e.,  the  boundary 
of  the  lands  owned  by  the  State  of  New  York,  which  becomes 
necessary  in  a  majority  of  cases,  and  involves  the  claimants' rights 
to  bring  action  against  the  State.    In  many  cases  it  takes  days 
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of  carefnl  field  work  to  identify  these  old  lines  which  were  origi- 
nally established  in  the  year  1834.  Many  cases  involve  larger 
surveys  covering  miles  in  their  extent.  This  is  true  on  the  Mid- 
dle and  Western  Divisions  where  the  discharge  of  the  waste  weirs 
of  the  canals  enters  creeks  that  are  very  winding  in  their  course 
with  little  fall  toward  the  outlet.  Running  through  flat  lands 
or  old  lake  bottoms,  the  waters  easily  leave  the  banks  and  flood 
inmienfie  territories.  As  these  waste  weirs  are  only  used  during 
heavy  rains,  the  waters  so  discharged  are  generally  considered  to 
be  responsible  for  all  damage  done  and  it  becomes  the  duty  of  the 
engineer,  to  gather  information  to  disprove,  if  possible,  this  as- 
sumption. A  survey  is  made  and  a  topographical  map  prepared 
which  shows  the  area  flooded,  the  lands  of  each  claimant  and 
lands  that  escaped  flooding  by  reason  of  their  higher  elevations. 
A  careful  search  for  statistics  as  to  rainfall,  etc.,  is  made  and 
photographs  taken,  proving,  by  showing  damage  in  adjacent  dis- 
tricts, that  heavy  rains  and  not  the  waters  of  the  canal  were  re- 
sponsible for  the  damage. 

Dujring  the  past  year  one  corps  of  engineers  was  stationed  at 
Fayetteville  making  an  extensive  survey  of  lands  alleged  to  have 
been  damaged  by  reason  of  discharge  of  canal  waters  into  Lime 
Stone  creek  at  Manlius  Centre  and  extending  nearly  to  Oneida 
lake,  covering  over  20  square  miles.  This  same  party  also  made 
surveys  of  many  pieces  of  property  lying  along  the  Champlain 
canal  where  damages  were  alleged.  Another  party  was  in  camp 
near  Stillwater  in  the  Adirondacks,  running  the  flow  line  of  the 
Mary  L.  Fisher  property  which  was  flooded  by  raising  the  Beaver 
river  dam  at  this  point.  This  survey  involved  the  establishing  of 
a  six  foot  flow  line  around  the  above  mentioned  property  and 
bounding  the  same  by  a  transit  line  which  is  the  boundary  of  the 
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landB  taken  by  the  State  for  reservoir  purjwsefl.  This  line,  fol- 
lowing its  various  courses,  is  nearly  42  miles  long,  and  required 
a  large  amount  of  work. 

The  Legislature  appropriated  f 7,000  for  work  of  this  character 
by  chapter  790  of  the  Laws  of  1897,  but  this  has  not  proved  suffi- 
cient and  some  surveys  have  had  to  be  jwstponed  on  account  of 
the  lack  of  money.  An  appropriation  of  at  least  f  15,000  should 
be  made  in  the  ensuing  year,  as  many  claims  for  damages  will 
arise  incident  to  the  improvement  now  going  on,  on  the  different 
canals,  and  some  very  heavy  storms  which  occurred  during  the 
last  year  foreshadow  the  filing  of  a  vast  number  of  claims  on  the 
Middle  and  Western  Divisions. 

During  the  year  testimony  was  given  involving  as  many  as  120 
cases,  notably  those  located  on  Wood  creek  in  Oneida  county,  and 
test  cases  in  those  located  on  Tonawanda  creek.  Many  cases 
were  dismissed  on  the  maps,  photographs  and  testimony  fur- 
nished by  this  department  and  damages  so  materially  cut  down 
that  the  appropriation  for  that  purpose  pays  for  itself  many  times 
over. 

For  a  number  of  years  this  work  has  been  under  the  efficient 
supervision  of  First  Assistant  Engineer,  T.  C.  Leutze. 

ORDINARY  AND  EXTRAORDINARY  REPAIRS. 

The  present  condition  of  those  parts  of  the  canals  on  which  no 
work  has  yet  been  done  under  the  canal  improvement  work,  is  the 
best  evidence  that  could  be  produced  that  the  usual  fund  for  the 
ordinary  repairs  and  maintenance  of  the  canals  is  not  sufficient  to 
do  the  work  that  is  now  required  to  put  them  in  proper  condition. 
While  the  sums  annually  appropriated  seem,  at  first  glance,  to  be 
large,  it  will  also  be  seen,  when  considering  the  great  length  of 
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vfork  to  be  covered,  that  it  will  accomplish  comparatively  little, 
especially  in  view  of  the  fact  that  a  great  majority  of  the  walls 
and  structures  are  over  70  years  old,  and,  therefore,  require 
in  many  cases  not  only  repairs,  but  total  reconstruction.    To  pro- 
ceed in  the  usual  way  and  prepare  a  special  law  for  each  piece  of 
work,  would  mean  an  endless  amount  of  labor  and  expense  for 
the  Legislature  and  the  departments  interested,  and  there  seems 
to  be  no  good  reason  why  the  precedent  that  has  been  established 
by  the  x>assage  of  blanket  repair  laws  similar  to  chaipters  947  of 
the  Laws  of  1896  and  566  of  the  Laws  of  1897  should  not  be  fol- 
lowed  this  year.    The  former  law  appropriated  f  125,000  for  each 
of  the  three  divisions,  and  the  latter  J360,000  for  the  entire  sys- 
tem, and  provided  that  these  funds  should  be  used  subject  to 
the  approval  of  the  ©anal  board  wherever  the  State  Engineer  and 
8ui)erintendent  of  Public  Works  might  agree  it  was  for  the  best 
interests  of  the  State.    This  makes  it  possible  for  those  charged 
with  the  repair  and  maintenance  of  the  canals  to  do  an  enormous 
amount  of  work  that  is  absolutely  necessary,  and  that  could  not 
be  accomplished  if  the  funds  therefor  were  dependent  on  special 
laws.    I  earnestly  recommend  that  a  similar  law  be  enacted  for 

the  work  of  the  coming  season,  and  suggest  that  the  amount 

f 
should  be  larger,  rather   than    smaller,   than    that   heretofore 

named. 

STATE  BOUNDARY  LINES. 

The  law  directs  that  this  department  shall  see  to  it  that  the 
various  monuments  which  mark  the  location  of  the  boundary 
lines  of  the  State  be  frequently  insipected,  and  that  monuments 
that  may  have  been  destroyed  from  any  cause  be  replaced,  to  the 
end  that  the  location  of  these  lines  where  they  have  been  fixed 
shall  not  be  lost. 
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A  great  deal  of  work  of  this  character  has  been  done  in  recent 
years,  and  we  are  now  making  an  effort  to  prepare  a  proper  re- 
cord of  th^se  boundary  lines,  showing  by  maps  the  location  of 
the  various  monuments,  and  the  topography  of  the  country  in 
the  vicinity  of  these  lines,  and  also  preparing  sketches  or  photo- 
graphs of  each  monument,  so  that  they  can  be  easily  found  when 
wanted.  Until  recently  all  the  record  that  we  had  of  these  lines 
was  scattered  through  an  enormous  number  of  documents  on  file 
here,  so  that  it  seemed  almost  impossible  to  get  at  the  informa- 
tion when  it  was  needed.  The  new  records  will  simplify  this 
matter,  as  it  is  proposed  to  compile  all  the  data  relating  to  the 
boundaries  of  each  of  the  adjoining  States  in  a  volume  which 
shall  be  complete  in  itself.  This  record  will  be  of  inestimable 
value.  The  record  of  the  New  York  and  CJonpecticut  line  was  com- 
peted last  year.  The  New  Jersey  boundary  is  nearly  completed, 
and  surveys  have  been  made  during  the  past  season,  to  determine 
and  fix  the  Massachusetts  boundary.  In  each  case  this  work  is 
done  under  the  joint  supervision  of  the  properly  constituted 
bureau  of  the  several  States,  to  the  end  that  the  lines  and  points 
agreed  upon  shall  be  fixed  beyond  dispute. 

CO-OPERATIVE  TOPOGRAPHIC  SURVEY. 

Chapter  391  of  the  general  laws  of  1897  authorized  the  State 
Engineer  and  Surveyor  to  oontinne  to  co-operate  with  the  director 
of  the  United  States  Geological  Survey  in  making  a  topographio 
survey  and  map  of  the  State  of  New  York,  and  appropriated  for 
this  work  the  sum  of  115,000.  In  addition,  there  remained  avail- 
able an  unexpended  balance  of  |612.49  of  the  appropriation  of 
110,000  made  by  chapter  320  of  the  general  laws  of  1896  for 
surveys  in  the  Upper  Hudson  valley,  and  this  sum  I  allotted  to 
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the  coatinuation  of  co-operative  topographic  surveys  in  that  re- 
gion, to  be  met  by  a  like  appropriation  /by  the  director  of  the 
United  States  Geological  Survey.  Moreover,  there  remained  of 
the  appropriation  of  ^10,000  made  in  chapter  480  of  the  general 
laws  of  1896,  an  unexpended  balance  of  |2,181.37,  which  was^ 
available  for  field  work  in  the  season  of  1897,  making  a  total  sum 
of  117,793.86  of  State  funds  available  for  these  topographic 
snrveys. 

In  accordance  with  the  provisions  of  the  law  of  1897  above 
quoted,  an  agreement  was  signed  by  the  Hon.  Chas.  D.  Walcott, 
Director  of  the  United  States  Geological  Survey  and  myself,  which 
Ib  similar  in  all  essential  details  to  a'greements  made  in  former 
years  between  this  office  and  the  United  States  Geo  ogical  Survey. 
As  a  result  of  such  agreement,  the  Federal  survey  allotted  to  this 
work  the  sum  of  f  15,612.49,  so  that  there  was  available  for  topo- 
graphic surveys  within  the  State  of  New  York  durihg  the  season, 
of  1897  a  total  sum  of  f33,406.35,  the  Federal  bureau  having  ex- 
pended in  the  previous  season  more  than  their  share  of  the  co- 
operative  money  for  the  field  work  of  1896,  from  which  there 
remained  a  balance  of  the  State  money  amounting  to  J2,187.37. 

I  append  hereto  the  report  of  the  Director  of  the  United  States 
Geological  Survey,  which  summarizes  the  results  of  the  field 
season's  operations  under  the  above  acts.  I  also  append  descrip- 
tions and  .positions  of  primary  triangulation  stations  located  in 
the  course  of  the  prosecution  of  this  work  and  lists  of  permanent 
bench-marks  established  by  spirit  leveling.  In  this  connection 
I  also  call  to  your  attention  the  accompanying  outline  maps  which 
show  the  progress  of  triangulation  and  topographic  surveys  to 
date  within  the  limits  of  the  State.  This  report  and  the  accom- 
panying diagrams  and  lists  of  positions  and  elevations  I  commend 
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to  yoar  careful  attention  and  examination  and  feel  sure  that  jou 
will  not  fail  to  appreciate  as  I  do  the  satisfactory  and  economio 
progress  which  has  been  made  toward  the  completion  of  a  credita- 
ble topographic  map  of  this  great  State. 

Dbpartmont  of  thb  Intesbiob, 
Unitbd  Statsjs  Geological  Subybt, 

Washington,  D.  C,  January  3, 1898. 

Hon.  C.  W.  Adams,  State  Engineer  and  Surveyor,  Albany,  N.  Y.: 

Sir. —  I  have  the  honor  to  make  herewith  a  preliminary  state- 
ment of  the  work  done  under  the  agreement  signed  May  20, 1897, 
hy  you  on  behalf  of  the  State  of  New  York,  and  by  me  on  behalf 
of  the  United  States  Geological  Survey. 

By  the  terms  of  that  agreement,  f  15,000  was  allotted  by  you  for 
•expenditure  in  making  the  co-operative  topographic  surveys 
therein  arranged  for.  In  addition,  in  August,  1897,  you  made  a 
still  further  allotment  to  this  work,  for  exi)enditure  on  the  head- 
waters of  the  Hudson  river,  of  f  612.49,  making  a  total  new  appro- 
priation by  you  for  co-operative  topographic  work  during  the 
season  of  1897  of  f  15,612.49.  This  bureau  has,  under  the  terms 
of  the  agreement,  allotted  a  like  amount  to  this  work.  Since 
there  remained  at  the  beginning  of  the  field  season  an  unexpended 
balance  of  the  State  appropriation  of  1896,  amounting  to  f  2,181.37, 
there  was  accordingly  available  for  field  work  in  1897  a  total  sum 
of  933,406.35. 

The  result  of  this  co-operation  has  been  the  making  of  an  aoon- 
rate  topographic  survey  on  the  scale  of  1:62,500,  or  approximately 
one  mile  to  the  inch,  and  with  a  contour  interval  of  20  feet,  odf 
2,258  square  miles  within  the  area  of  the  State  of  New  York,  of 
which  425  square  miles  consist  of  a  revision  of  the  Staten  Island, 
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Harlem  and  Brooklyn  sheets  in  order  to  ibring  the  repres^itation 
of  the  cnltnre  np  to  date.  Moreover,  an  accurate  system  of  pri- 
mary triangulation  was  expanded  in  portions  of  Cattarangas 
county  and  in  portions  of  Hamilton,  Herkimer,  Lewis  and  Oneida 
counties,  for  the  adjustment  and  control  of  topographic  work  of 
1897,  in  SFQch  amount  as  to  control  three  additional  atlas  sheets 
for  future  work,  while  accurate  spirit  levels  were  run  with  such 
frequency  as  to  permit  of  the  placing  of  one  permanent  bench- 
mark in  every  six  miles  square  of  the  area  surveyed. 

The  total  cost  for  field  work  of  triangulation  was  |2,755  for  an 
area  of  1,370  square  miles  controlled,  or  at  the  rate  of  (2  per 
square  mile.  The  total  cost  for  field  work  of  topography  was 
119,662,  or  at  the  rate  of  |8.70  per  square  mile  mapped.  The 
total  cost,  including  estimated  expenses  of  completing  the  map 
work  in  office  during  the  coming  winter,  is  |25,520,  or  at  the  rate 
of  f  11.29  per  square  mile. 

Immediately  upon  the  signing  of  the  agreement  under  which 
this  work  was  prosecuted,  Mr.  W.  J.  Peters  proceeded  to  the 
neighborhood  of  Olean  and  Salamanca,  where  he  extended  trian- 
gulation for  the  control  of  the  Salamanca  quadrangle;  thence  he 
went  to  Hamilton  and  Herkimer  counties,  where  he  completed 
triangulation  for  the  control  of  the  Old  Forge  and  Bemsen  quad* 
rangles,  mapped  during  the  current  season,  and  for  future  control 
of  Canada  lake,  Wilmnrt  and  Piseco  lake  quadrangles,  discon- 
tinuing field  work  in  the  State  for  the  season  early  in  September. 
In  May  Mr.  Jennings  commenced  field  work  on  the  Brockport,. 
Hamlin  and  Salamanca  quadrangles,  later  on  completing  the  sur- 
vey of  Old  Porge  quadrangle.  Mr.  Clark  completed  the  surveys 
on  Brockport  and  Salamanca  quadrangles,  later  surveying  Oyster 
Bay  and  Hempstead  quadrangles.    Mr.  Sutton  undertook  the  re- 
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vision  of  the  Harlem,  Brooklyn  and  Staten  Island  quadrangles, 
and  during  midsummer  aided  in  the  completion  of  the  Old  Forge 
quadrangle.  Messrs.  Thom  and  Wheat  aided  during  the  season  in 
the  revision  of  the  Harlem,  Brooklyn  and  Staten  Island  quad- 
rangles. Mr.  Lovell  completed  the  survey  of  the  Indian  Lake 
quadrangle  and  aided  in  the  completion  of  the  survey  of  Bemsen 
quadrangle.  Mr.  Bassett  surveyed  Tully  quadrangle  and  aided 
later  in  the  completion  of  the  survey  of  Salamanca  and  Bemsen 
quadrangles.  Mr.  Walker  completed  the  survey  of  Cazenovia 
quadrangle  and  aided  in  the  survey  of  Bemsen  quadrangle.  Field 
work  for  all  these  parties  was  concluded  in  November  and  early 
in  December,  and  office  work  on  the  final  draughting  has  already 
been  commenced. 

At  the  close  of  the  field  season  there  remained  f6,043  unex- 
pended balance  of  New  York  money,  and  f3,768  unexpended  on 
account  of  allotment  by  this  survey.  Estimating  for  the  salaries 
and  other  expenses  connected  with  the  office  work  of  map  making, 
there  will  probably  remain  an  unexpended  balance  of  |3,950  of  the 
sum  appropriated  by  both  organizations  which  will  be  available 
for  field  work  exclusive  of  permanent  salaries.  This  sum  I  esti- 
mate as  sufficient  to  meet  the  field  expenses  of  surveying  from  two 
to  four  atlas  sheets,  according  to  the  country.  With  your  ap- 
proval I  would,  therefore,  suggest  that  it  be  devoted  in  the  early 
spring  to  the  survey  of  some  cheaply  mapped  region  of  mild 
climate  as  the  Baldwinsville,  Oswego,  Cortland,  Berne  or  Scho- 
harie quadrangles.  1  would  scarcely  advise  the  survey  of  Wil- 
murt  or  other  Adirondack  areas  until  later  in  the  season.  On  this 
matter  I  should  be  glad  to  have  you  advise  me. 

Very  respectfully, 

CHAS.  D.  WALCOTT, 

Director. 
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PLANS. 

Inwnediately  upon  the  signing  of  the  co-operative  agreement, 
and  after  consultation  with  Mr.  H.  M.  Wilson,  geographer  of  the 
United  States  Geological  Survey,  in  charge  of  topograhpic  sur- 
veys on  the  Atlantic  slope,  it  was  decided  that  the  season  of  1897 
should  be  devoted'  to  the  survey  of  such  areas  as  would  throw 
the  most  light  on  the  ppoblemsi  of  additional  wa/ter  supply  for 
the  State  canals,  while  one  or  two  other  areas  were  mapped  in 
order  that  a  few  well-distributed  localities  without  the  watershed 
of  the  State  canals  might  receive  some  benefit  from  this  great 
work.  Accordingly,  it  was  decided  to  map  in  the  latter  cate- 
gory the  ^Salamanca  quadrangle,  lying  wholly  within  Oatta- 
raugus  county,  and  of  great  geologic  and  economic  interest  in 
connection  with  the  development  of  the  oil  supplies  of  the  south- 
western portion  of  the  State,  and  it  wa»  decid'ed  to  expend  a 
small  sum  in  revising  that  portion  of  the  previously  mapped 
quadrangles  which  include  Grreater  New  York,  in  order  that 
when  thait  city  caime  into  being  there  might  already  exist  an 
accurate  topographic  map  of  its  territory  on  which  all  tempo- 
rary features,  as  roads,  houses,  railroads,  etc.,  should  be  repre- 
sented to  date.  In  this  connection  it  was  deemed  desirable  to 
extend  the  surveys  on  Long  Island  to  the  eastward  of  Brooklyn, 
so  ae  to  complete  the  mapping  of  Oyster  Bay  and  Hempstead 
quadrangles,  as  these  furnish  data  for  the  study  of  important 
problems  connected  with  the  water  supply  of  the  city  of  Brooklyn. 

Ck>ntiguous  to  the  State  canals,  it  was  planned  to  map  the  un- 
surveyed  portions  of  the  western  divisions  of  the  Erie  canal  in- 
cluded within  the  area  of  the  Brockiport  and  Hamlin  quadrangles; 
also  to  map  the  southern  feeders  of  the  middle  division  near  the 
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Bame  Bumimit,  molmded  within  the  areas  of  the  Tally  and  Onon* 
diaga  quadrangles^  also  to  extend  the  mapiping  of  the  Upper  Hud- 
son valley,  so  as  to  complete  the  survey  of  the  Indian  lake  quad- 
rangle, and  make  a  beginning  in  the  survey  of  the  watershed  of 
West  Canada  and  Black  rivers  by  mapping  the  Bemsen  and  Old 
Forge  quadrangles  and,  if  possible,  the  Wilmurt  quadrangle.  In 
order  that  this  mapping  might  go  forward,  it  was  necessary  to 
extend  primary  triangulation  over  portions  of  the  regions  above 
outlined. 

It  is  a  fact  worthy  of  note  that  the  United  States  Greological 
Survey  has  in  the  past  season,  as  during  previous  seasons,  suc- 
ceeded in  completing  all  the  work  planned]  and  within  the  limit 
of  the  sums  appropriated  as  necessary  for  such  work.  AH  of  the 
above  outlined  work  has  been  completed  during  the  past  field  sea- 
son with  the  exception  of  the  survey  of  the  Wilmurt  quadrangle,, 
and  there  remains  a  sufficient  unexpended  balance  to  more  than- 
permit  of  the  completion  of  this  survey,  prior  to  the  end  of  the 
government  fiscal  year  in  June  next. 

TBIANGULATION. 

Early  in  May  Mr.  W.  J.  Peters,  topographer  of  the  United 
States  Geological  Survey,  assisted  by  Mr.  G.  P.  Phillip,  was  as- 
signed the  duty  of  extending  primary  triangulation  in  Cattarau- 
gufi  county  from  the  line  "  Learn-Clarksville,"  established  by  this 
survey  in«  the  preceding  year,  to  the  westward!,  so  as  to  furnish, 
control  for  the  topographic  survey  of  the  Salamanca  quadrangle.. 
This  work  was  completed  within  a  couple  of  weeks,  resulting  in 
the  determination  of  the  positions  of  two  additional  stations,, 
namely,  "  Flat  Iron,"  in  southern  Olean  township,  and  "  Town- 
send,"  near  the  corner  of  Salamanca,  Great  Valley,  Carrolton  and 
"HeA  House  town. 
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Upon  the  eampletion  of  this  work,  Messrs.  Peters  and  Philip 
proceeded  to  Herkimer  and  Haimlton  counties,  where  they  ex- 
tended a  chain  of  triamgulation  from  the  line  "  Snowy  Mountain- 
Mt.  Hamilton,"  established  by  this  survey  during  the  preceding 
reason,  im  a  southwesterly  direction,  to  connect  with  the  Coast 
Survey  line  "  Penn-Schuyler."    This  work  resulted  in  the  de- 
termination of  the  geodetic  positions  of  ten  new  staitions,  and 
famished  control  for  the  topographic  mapping  of  the  Bemsen^ 
Wilmart,  Piseco  Lake,  Old  Forge  and  Canada  Lakes  quadrangles. 
As  but  two  of  these  were  mapped  during  the  last  year,  there  still 
remains  trigonometric  control  for  three  additional  sheets  within 
this  portion  of  the  Adirondack  region.    The  triangulation  of 
this  area  was  greatly  hamjpered  during  June  and  July  by  the 
unusually  heavy  and  persistent  rainfall,  audi  the  work  was  ac- 
cordingly somewhat  more  expensive  than  wonld  otherwise  have 
been  the  case.    It  was,  however,  satisfactorily  completed  during 
the  first  week  in  Septemiber,  and  Messrs,  Peters  and  Philip  then 
discontinued  field  work  for  the  season. 

The  result  of  primary  triangulation  conducted  by  this  survey 
during  the  past  season  was  perhaps  more  important  than  that 
of  any  previous  year.  For  a  total  expenditure  of  f  2,641..89  there 
were  controlled  by  triangulation  1,300  square  miles,  or  an  aver- 
age cost  of  |2.03  per  square  mile  controlled.  More  important, 
however,  is  the  fact  that  a  belt  of  precise  triangulation  has  now 
been  extended  entirely  across  the  most  rugged  and  inaccessible 
portions  of  the  Adirondacks  from  the  neighborhood  of  Lake 
Ohamrplain  and  on  Lake  George,  in  a  westerly  and  southerly  direc- 
tion over  Mt.  Marcy,  Schroon  lake.  Blue  Mountain  lake.  Lake 
Pleasant  aaid  Fulton  chain  of  lakes  to  the  level  country  about 
Utica  and  Borne. 
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Jn  the  prosecution  of  the  above  trigonometric  work,  an  aver- 
age of  five  direct  and  five  reverse  readings  was  made  of  each 
angle  with  a  large  8  inch  Fauth  theodolite  reading  with  micro- 
meter microscopes,  to  two  seconds  of  arc,  and  this  work  was  done 
with  such  care  that  the  average  closure  error  of  the  triangles  was 
less  than  three  seconds.  Elsewhere  are  published  the  results  of 
the  computation  of  the  geodetic  positions  of  the  points  located. 
Each  of  the  stations  occupied  by  the  triangulation  party  during 
the  past  season  is  x>ennanently  marked,  upon  the  ground  by 
means  of  a  copper  bolt  four  inches  in  length,  firmly  embedded  in 
solid  rock,  and  on  the  surface  of  the  copper  bolt  is  stamped  (Fig. 
1,  c.)  the  letters  "  U.  S.  G.  S.,  N.  Y.  and  the  serial  number  of  the 
station. 

It  is  worthy  of  note  that  to  date  there  have  been  located  by 
this  survey  and  its  predecessor,  the  State  or  Gardner  survey,  480 
positions,  and  that  these,  with  the  positions  already  located  by 
the  United  States  coast  and  geodetic  survey  and  the  United 
States  lake  survey,  cover,  with  sufficient  detail  to  furnish  control 
for  topographic  mapping,  a  total  area  of  28,000  square  miles  of 
the  State,  or  61  per  cent,  of  the  area  of  the  State. 

MERIDIAN  MARKS. 

In  accordance  with  the  regulations  of  the  United  States  geo- 
logical survey,  within  all  the  areas  covered  by  primary  triangula- 
tion there  is  established  at  each  county  seat  a  meridian  or  azi- 
muth line,  which  is  marked  by  two  stone  posts  set  firmly  in  the 
ground  and  capped  with  bronze  tablets  bearing  suitable  inscrip- 
tions in  (Fig.  2).  This  meridian  line  being  a  true  north  and 
south  line  will  be  of  great  value  to  county  and  local  surveyors  in 
adjusting  their    compasses    and   determining  the   declination 
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thereof.  Moreover,  at  the  time  of  establishing  these  meridian 
lines  the  declination  of  the  compass  needle  is  measured  and  from 
it  the  declination  at  that  point  may  be  derived  at  any  period  of 

tfane. 

TOPOGBAPHY. 

In  accordance  with  the  plan  approved  by  me  at  the  opening  of 
the  field  season,  topographic  parties  were  placed  in  the  field  about 
the  middle  of  May.  These  parties  did  not  work  continuously  in 
the  same  areas,  but  were  shifted  about  during  the  season  as  the 
exigencies  of  the  work  required  so  that  at  times  several  men 
worked  upon  portions  of  the  same  quadrangles. 

Mr.  J.  H.  Jennings  executed  the  planetable  triangulation  and 
supervised  the  spirit  leveling  for  the  Brockport  and  Hamlin  quad- 
rangles, and  then  performed  the  same  work  on  the  Salamanca 
quadrangle,  and  finally,  after  planetabling  the  Old  Forge  quad- 
rangle, he  sketched  the  topography  of  its  northern  half.    Mr.  E. 
B.  Clark  followed  Mr.  Jennings,  sketching  the  topography  of  the 
Brockport  and  Hamlin  quadrangles.    Later  he  took  charge  of  and 
convpleted  all  of  the  surveying  connected  with  the  mapping  of 
Oyster  bay  and  Hempstead  quadrangles.    Mr.  Walker  mapped 
the  Cazenovia  quadrangle,  and  then  executed  planetable  triangu- 
lation for  the  Bemsen  quadrangle.    Mr.  Bassett  mapped  the  Tully 
quadrangle  and  then,  following  Mr.  Jennings,  sketched  the  topo- 
graphy on  the  Salamanca  quadrangle,  and  later  following  Mr. 
Walker,  sketched  the  topography  of  the  northern  half  of  the 
Bemsen  quadrangle.    Mr.  Lovell  completed  the  mapping  of  In- 
dian lake  quadrangle,  and  following  Mr.  Walker  mapped  the 
southern  half  of  the  Bemsen  quadrangle.    Mr.  Sutton  had  gen- 
eral supervision  of  the  resurvey  of  Harlem,  Brooklyn  and  Staten 
Island  quadrangles,  in  which  work  he  was  assisted  at  various 
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times  by  Messrs.  Wheat,  Thom  and  Cummin.  Daring  the  months 
of  August  and  iSeptember  Mr.  Button  temporarily  left  this  work 
to  aid  Mr.  Jennings  on  the  Old  Forge  quadrangle,  the  south- 
eastern half  of  which  he  surveyed.  The  net  result  of  the  field 
work  of  these  various  parties  is  summed  up  in  the  following 
table. 
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The  i)arties  working  in  the  Adirondacks  were  engaged  in  map- 
ping some  of  the  most  rugged  portions  of  that  region  where  travel 
was  exclusively  by  canoe  or  on  foot  over  trails  or  through  brush, 
swamips  and  woods.  Moreover,  the  work  was  much  hami)ered 
during  July  and  August  by  excessive  rains,  and  as  a  consequence 
the  cost  of  this  work  was  higher  than  elsewhere  and  higher  than 
usual.  A  portion  of  the  Old  Forge  sheet  had  been  previously 
mapped  carefully  by  the  Adirondack  League  club,  the  work  hav- 
ing been  executed  by  a  topographer  of  the  United  States  Gteo- 
logical  survey  who  was  given  leave  of  absence  for  this  purpose. 
Its  quality  was  therefore  well  known  and  otherwise  believed  to 
be  sufficiently  good  to  permit  of  its  incorporation  in  the  work  of 
the  cooperative  survey.    Arrangements  were  therefore  concluded 


State  Engineer  and  Surveyor.  9^ 

by  which  this  map  which  covered  an  area  of  about  90  square 
miles,  was  purchased  from  the  club  for  five  hundred  dollars  (|500)^ 
a  figure  considerably  below  that  for  whi<;h  it  could  have  been  re- 
Bnryeyed  by  the  tsooperative  survey.  Of  this  map,  56  square  miles 
fell  within  the  area' of  the  Old  Forge  quadrangle,  the  remainder 
being  on  the  McKeever,  Wilmurt  and  Canada  lake  quadrangles, 
which  have  as  yet  not  been  mbpped  by  the  cooperative  survey. 

The  following  table  gives  a  summary  of  the  instrumental  con- 
trol, the  rate  of  mapping  and  the  cost  per  square  mile,  both  for 
field  work  alone  and  for  field  work  and  ofiSce  mapping.  The  ex- 
treme differences  observable  in  this  table  in  the  rates  of  area 
mapped  per  day,  amounts  of  control  per  square  inch  of  map  and 
oost  per  mile,  are  due  as  much  to  the  differences  in  the  topo- 
graphy of  the  various  areas  surveyed  as  to  the  differences  in  the- 
speed  and  abilities  of  the  topographers  themselves. 
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SPIRIT  LEVELING. 

Two  leveling  parties  were  actively  engaged  in  running  primary 
spirit  levels  throughout  the  entire  season  for  the  determination 
of  elevations  upon  which  to  base  the  contouring  and  also  in 
accordance  with  the  regulations  of  the  United  States  Geological 
Survey,  to  establish  one  permanent  bench  mark  in  every  six  miles 
square  of  the  area  mapped. 

These  levels  are  executed  with  greater  care  than  is  usually 
taken  in  the  running  of  spirit  levels.  The  limit  of  error  set  is 
approximately  such  that  any  determination  shall  not  be  in  error 
more  than  i  foot  in  a  distance  of  100  linear  miles,  and  this  limit 
is  determined  by  so  arranging  the  lines  of  levels  that  they  shall 
cheek  back  upon  each  other  or  upon  their  initial  points  in  order 
that  their  error  of  closure  may  be  ascertained.  In  other  words 
the  lines  are  run  in  circuits  over  the  areas  mapped,  and  as  each 
quadrangle  comprises  an  area  approximately  13  by  17  miles,  at 
least  six  permanent  bench  marks  must  be  established  at  widely 
separated  points  on  this  area.  In  addition  to  the  permanent 
bench  marks  numerous  temporary  bench  marks  are  left,  such  as 
nails  in  roots  of  trees,  chiseled  marks  on  stones,  etc. 

The  elevations  so  determined  are  based  on  mean  sea  level  as 
brought  by  the  precise  levels  of  the  United  States  Coast  and 
Geodetic  Survey  from  tidewater  at  Sandy  Hook  to  Albany  and 
thence  by  the  precise  levels  of  the  United  States  Engineer  Corps 
along  the  route  of  the  State  canals  to  Lake  Ontario.  To  these 
precise  levels  are  tied  all  of  the  spirit  levels  of  the  co-operative 
aurvey  and  it  thus  becomes  possible  to  stamp  upon  the  perman- 
ent bench  marks  their  elevations  to  the  nearest  foot  above  mean 
«ea  level.  The  permanent  bench  marks  are  of  three  kinds;  cop- 
per  tablets  4  inches  in  length  and  1  inch  in  diameter  sunk  their 
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full  length  in  holes  drilled  in  solid  rock  and  marked  as  showD 
in  Fig.  1,  d.  with  the  elevation  to  the  nearest  foot;  iron  posts^ 
capped  by  bronze  tablets,  as  shown  in  Fig.  3,  4  feet  in  length 
and  planted  for  more  than  three-fourths  of  their  length  in  the 
ground  where  solid  rocks  cannot  be  found;  and  finally,  bronze  or 
aluminum  tablets,  marked  as  shown  in  Fig.  4  and  set  into 
masonry  structures.  On  these  is  stamped  in  addition  to  the  ele- 
vation above  mean  tide,  an  initial  letter  which  corresponds  to 
the  particular  datum  point  upon  which  the  levels  in  thaj:  locality 
are  based,  groups  of  levels  not  being  as  yet  adjusted  for  the 
entire  State  as  it  has  not  been  all  leveled,  but  being  adjusted  in 
series  dependent  upon  some  centrally  located  and  well  known 
city  in  which  the  initial  bench-mark  is  placed.  Hereafter  such 
benchmarks  will  not  only  bear  the  legend  "U.  S.  Geological 
Survey,"  but  also  the  name  "  New  York,"  in  order  to  fully  show 
the  co-operation  between  the  two  organizations,  as  is  done  with 
the  meridian  marks  already  described.  During  the  past  field 
season  there  were  run  in  all  537  linear  miles  of  such  levels,  in  the 
course  of  which  there  were  established  77  permanent  bench- 

marks 

WOODLAND  MAPS. 

In  addition  to  the  topographic  map  on  which  are  shown  the 
relief  of  the  country  by  contour  lines,  the  hydrography  or  drain- 
age, and  culture  or  the  works  of  man,  there  is  also  indicated  the 
outlines  of  all  wooded  areas.  These  are  tinted  in  green  upon 
manuscript  copies  kept  in  the  office  of  the  United  States  Geolog- 
ical Survey  and  duplicates  of  these  are  furnished  this  office 
when  called  for.  These  woodland  maps  have  been  of  great  as- 
sistance to  the  State  Forest  Commission  and  to  the  Forest  Pre- 
serve Board  and  to  others  who  are  engaged  in  a  study  of  the 
forest  resources  of  the  State  of  New  York. 


Fig.  1. 


\    to     «C         DC 


^■^ 


'5-^ 


Si- 

Oul 


r^C 


^ 


Fig.  2. 


Rs.  3. 


lYORK  ^^^- 


NEW 


ELEVATION 
ABOV  E  SEA 


417 
DATUM 


FEET 
UTICA 


^^ 


>):^^ 


Fig.  4 


Statb  Enoinbibb  and  Bubybtob.  97 


PUBLISHED  ATLAS  SHEETS.       ^ 

In  the  following  table  are  given  the  names  areas  and  looation 
by  oonnties,  of  all  the  atlas  sheets  so  far  published  as  a  resalt 
of  this  co>oi>eratiye  topographic  surrey;  also,  in  another  oolnmn 
a  list  of  atlas  sheets  published  during  the  lafit  year.  This  latter  , 
gives  an  index  to  the  rapidity  with  which  such  atlas  sheets  are 
being  issued.  It  will  be  noted  that  to  date  there  have  been 
published  in  all  72  separate  atlafi  sheets  covering  a  total  of 
II9766  square  miles^  or  nearly  25  per  cent,  of  the  total  area  of  the 
State. 
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SHEET  NAME. 


Albany 

Albion 

Amsterdam 

Ansable 

Berlin 

Bolton 

Brooklyn 

Buffalo 

Cambridge 

Cape  Vincent ... 

Caruiel 

Castleton 

Catskill 

Chittenango 

Clove 

Cohoes 

Cornwall 

Coxsackie 

Durham 

Elizabethtown.  . 

Elmira 

Fonda  

Fort  Ann 

Glens  Falls 

Greenwood  Lake 

Harlem 

Iloonick 

Ichuca  

Kaaterskill , 

Lake  Placid 

LocKport 

Medina , 

Mooers 

Mount  Marcy..., 
Niagara  Falls.  ... 

North  Creek 

Norwalk 

Oak  Orchard..... 

Olcott , 

Oneida 

Ontario  Beach  ... 

Oriskany , 

Paradox  Lake. ... 

Patterson 

Pawlet  I 

Pittsfield 

Plattsburgh 

Poughkeepsie 

Port  Henry 

Pulaski 

Kamapo 

Rliinebeck 

Ridgeway 

Rochester 

Rouse's  Point.... 


County. 


Rensselaer^  Albany 

Genesee,  Orleans 

Schenectady,    Saratoga,  Fulton,  Mont- 
gomery  

Clinton,  Essex.. 

Rensselaer 

Washington,  Warren 

Kings,  Queens 

Erie 


Washington 

Jefferson 

Putnam,  Westchester 

Washington ^ 

Greene,  Ulster,  Columbia,  Dutchess.... 
Oneida,  Oswego,  Madison,  Onondaga... 

Dutchess,  Putnam 

Rensselaer,   Washington,   Schenectady, 

Montgomery 

Dutchess 

Albany,  Columbia,  Greene,  Rensselaer.. 

Albany,  Schoharie,  Greene 

Essex 

Chemung,  Steuben 

Fulton,  Montgomery,  Schenectady  and 

•    Schoharie 

Washington 

Washington,  Warren,  Saratoga 

Orange - 

New  York,  Kings,  Queens,  Westchester. 

Washington,  Rensselaer 

Tompkins,  Tioga,  Chemung,  Schuyler. 

Greene,  Ulster 

Clinton,  Essex,  Franklin 

Niagara. * 

Orleans,  Genesee,  Niagara 

Clinton 

Essex 

Niagara,  Erie 

Warren 

Westchester 

Orleans 

Niagara 

Madison,  Oneida 

Monroe 

Oneida 

Essex,  Warren 

New  York 

Wnshiogton 

Columbia,  Rensselaer 

Clint.on,  Essex 

Dutchess,  Ulster,  Orange 

Essex 

Oswego,  Jefferson 

Rockland,  Orange 

Dutchess,  Ulster 

Orleans,  Niagara 

Monroe 

Clinton 


Area 

published 

in  1897. 


218.2 


216.4 


.7 


217.3 


219.0 


218.2 
218.2 


216.4 


106.0 
100 


215.6 


110.0 


Area 
published 
in  prerious 

jears. 


220.2 


219.0 
213.0 
165  0 

"iesis 

188.8 

218.2 

63.0 

192.4 

'22i"6' 
218.2 
201.0 

219.0 
18.5 
220.4 
220.4 
215.0 
219.8 

219.0 
217.3 

V    M    •    •      •    • 

88.1 
183.0 

226!8 
220.6 
213.0 


218.0 

215.0 

72.0 

'"Vs 


218.2 

25.0 

218.2 

""[I 

.2 

83.3 
110.0 
220.8 
124.2 
178.0 
146.5 
222.5 

218.6 
132.0 
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Sackett's  Harbor. 

Schenectady 

Schroon  Lake . ... 

Sheffield 

Stamford 

Stateo  Island 

Stony  Islaud 

Syracuse  

Tarrytown 

Tioouderoga 

Tooawanda 

Troy 

Watertowu 

West  Point 


Whitehall 
Willsboro. 
Wilsou  ... 


Totals 


County. 


Jefferson 

Schenectady,  Albany  and  Saratoga 

Essex,  Warren 

Columbia,  Dutchess 

Westchester 

Richmond,  Rings,  New  York 

Jefferson 

Oswego,  Onondaga 

Westchester^  Rockland 

Essex,  Warren,  Washington 

Niagara 

Rensselaer,  Albany 

Jefferson,  Lewis 

Dntchess,   Orange,  Rockland,  Putnam, 

Westchester  

Washington,  Warren 

Essex ^ 

Niagai-a 


Area 

published 

in  1897. 


215.5 


2271.4 


Area 

published 

inpreyious 

years. 


180.0 
219.0 

"UA 

67.1 

77.6 

29.0 

218.2 

217.0 

108.0 

218.6 

220.2 

215.5 

221.6 

151.0 

160.0 

50.8 

9483.8 


•  c 
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In  addition  to  the  above  list,  which  inclades  all  published  atlas 
sheets,  there  yet  remain  in  the  hands  of  the  engravers  the  follow- 
ing, covering  1529.6  square  miles,  which  will  shortly  be  pub- 
lished : 


▲nburn 

Moravia 

Newcomb 

Olean 

Skaneateles 

Thirteenth  Lake. 
Utioa 


Total 


Cayuga,  Seneca 

Cayaga,  CordaDd,  Tompkins 

Essex,  Warren 

Cattaraugos 

Cayaga,  Cortland,  Onondaga. 

Warren,  Hamilton,  Essex 

Oneida,  Herkimer , 


Area 
aq.  miles. 


219.0 
219.9^ 
215.5 
221  S 
219.0 
216.4 
218.2 


1529. & 


Finally,  there  are  the  sheets  listed  in  the  beginning  of  this 
report  as  having  been  surveyed  during  the  field  season  of  1897» 
so  that  to  date  there  have  been  mapped  89  separate  sheets,  having 
a  total  area  of  15,118  square  miles^  or  32  per  cenit.  of  the  area 
of  the  State. 

The  engraving,  printing  and  issuance  of  these  maps  is  done  at 
the  expense  of  and  by  the  geological  survey.  The  agreement  made 
between  this  State  and  the  Federal  Bureau  stipulates  that  the 
State  shall  have  the  privilege  of  making  transfers  from  the  oopper 
plates  and  of  publishing  the  maps  themselves  if  they  so  desire^ 
but  it  is  evident  that  it  is  to  the  interest  of  the  State  not  to  take 
advantage  of  this  opportunity  since  the  general  government  now 
sells  these  atlas  sheets  for  the  trifling  sum  of  five  cents  each,  or 
in  large  quantities  at  the  rate  of  (2  per  hundred.  It  is  not  be- 
lieved that  the  State  could  publish  and  sell  these  maps  at  a  like 
low  figure,  and  as  they  can  be  obtained  in  any  quantities  by  the 

public  by  i>!irely;'^citing  to  the  IMrector  of  the  United  Statea 

*    •     ■  •     •  • 

Geological  Survey  and  enclosing  the  purchase-price,  there  seems- 
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no  reason  why  the  State  should  undertake  such  publication.  It 
is  believed  that  whereas  now  engineers  and  others  having  uses 
for  such  maps  are  well  acquainted  with  and  are  constantly  ob- 
taining them,  they  will  soon  come  more  generally  into  the  hands 
of  the  public  when  the  latter  learns  how  easily  they  may  be  pro- 
cured, and  stationers  and  others  who  deal  in  maps  are  already 
taking  advantage  of  the  opportunity  afforded  them  to  abtain  their 
local  maps  in  large  quantities  and  then  retailing  them  at  remun- 
erative prices. 

It  seems  unnecessary  to  recite  here  the  many  advantages  which 
accrue  to  the  State  by  continuing  this  co-operative  survey.  No 
question  can  be  raised  of  its  speed,  economy  and  efficiency.  In- 
variaibly  the  surveys  have  been  made  within  the  time  and  at  the 
cost  originally  estimated.  The  work  has  progressed  as  surely  and 
rapidly  as  the  amounts  of  appropriations  have  permitted.  To  date 
there  have  been  exi)ended  in  all  by  both  the  State  and  the  Federal 
Bureau,  |167,000  on  this  survey,  which  expenditure  has  resulted 
in  the  survey  of  89  separate  atlas  sheets,  covering  15,118  square 
miles,  at  an  average  cost,  including  425  miles  of  revision,  of  f  11.06 
per  square  mile.  As  has  been  already  stated  in  previous  reports 
of  my  predecessors  and  myself,  these  maps  are  engraved  on  copper 
and  printed  from  transfers  from  lithographic  stones  in  three 
colors.  The  work  is  beautifully  executed  and  the  three  colors  are 
so  arranged  as  to  make  the  map  most  legible,  brown  being  em- 
ployed for  contour  lines,  or  lines  which  show  the  relief  or  slope 
of  the  country;  blue  for  drainage,  as  lakes,  rivers,  ponds  and 
oceans;  and  black  for  the  works  of  man,  as  roads,  houses,  county 
and  town  lines  and  names.  Each  atlas  sheet  covers  an  area  of 
15  minutes  .of  latitude  and  longitude,  being  approximately  13 
miles  east  and  west  and  17  miles  north  and  south,  the  area  varying 
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from  212  to  225  square  miles,  accoirding  to  the  latitude.  The  scale 
is  one  mile  to  the  inch  and  the  vertical  interval  between  contoors 
20  feety  so  that  all  essential  topographic  features  can  be  repre* 
sented  npon  them. 

These  mai>s  are  of  inestimable  use  to  the  State  government  in 
the  study  of  water  supply  problems  for  the  State  canals,  in  the 
investigation  of  the  forestry  boards,  in  planning  improvements  in 
connection  with  the  good  roads  movement,  and  in  investigating 
disputes  relative  to  town  and  county  boundaries.  They  are  of 
equal  service  to  city  and  private  engineers  in  planning  supplies 
for  city  water  works,  sewage  projects,  and  in  the  investigation  of 
real  estate  and  land  claims  and  improvements,  in  planning  rail- 
ways, electric  lines,  highways  and  other  engineering  works.  The 
average  cost  of  making  these  surveys  is  about  f  10  per  square  mile, 
of  which  the  State  pays  one-half.  With  this  expenditure  of  f 5 
per  square  mile  the  outlay  of  the  State  ends,  but  that  of  the 
Federal  Bureau  has  but  commenced.  In  addition  to  the  field 
work  required  for  making  the  topographic  manuscript  map,  the 
latter  then  proceeds  to  engrave  and  print  it  at  an  average  cost 
of  one  to  three  dollars  per  square  mile,  borne  wholly  by  the 
Federal  government,  though  the  benefits  accrue  to  the  State. 
Moreover,  with  the  completed  topographic  map  as  a  base,  the 
Federal  Bureau  proceeds  to  make  a  study  of  the  economic  geology 
and  of  the  water  resources  of  the  State  through  its  divisions  of 
hydrography  and  geology,  and  the  results  of  these  investigations 
made  at  considerable  expense,  also  accrue  to  the  State  without 
further  expenditure  by  it. 

There  yet  remain  32,540  square  miles  of.  the  area  of  the  State  to 
be  mapped,  and  I  renew  my  earnest  request  that  you  continue  this 
co-operation  on  such  liberal  lines  as  will  permit  of  the  completion 
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of  this  work  within  a  reasonable  length  of  time.  An  appropria- 
tion of  126,000  to  130,000  per  annum,  continued  for  the  next  six 
jears  would  witness  the  completion  of  this  work.  I,  therefore, 
hope  that  you  will  provide  an  appropriation  of  such  amount  as  an 
item  of  the   supply  bill  for  1898. 

PRIMARY  TRIANGULATION. 

The  work  of  primary  triangulation  within  the  State  of  New 
York  was  conducted  in  the  past  season  in  accordance  with  fixed 
rules  established  for  the  general  triangulation  work  of  the  United 
States  Geological  Survey.  A  maximum  permissible  error  of  tri- 
angle closures  and  the  character  of  signals  and  kind  of  station 
marks  was  fixed,  and  these  and  other  details  which  have  here- 
tofore been  left  somewhat  to  the  judgment  of  each  individual 
observer  have  been  so  systematized  that  now  no  work  of  this  kind 
within  the  State  is  classed  as  primary  which  is  not  executed  with 
a  first-class  micrometer  instrument,  reading  by  two  microscopes 
to  at  least  two  seconds  of  arc. 

The  following  instructions  are  those  governing  this  work  and 
are  published  here  for  the  information  of  those  who  may  be  inter- 
ested in  the  details  of  such  operations: 

Department  op  the  Interior, 
United  States  Geological  Survey. 


INSTRUCTIONS    FOR    FIELD    WORK    OF    PRIMARY 

TRIANGULATION. 

I.  Signals  should  be  of  sawed  lumber  whenever  it  can  be  ob- 
tained^ and  great  care  must  be  taken  to  secure  perfect  centering 
of  instrument  and  target  over  station  mark. 
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2.  All  stations  should  be  selected  with  a  view  to  their  adapta- 
bility to  topographic  expansion,  and  when  the  exact  location  of  a 
station  is  decided  upon  one  of  the  standard  iron  posts,  copper 
plugs,  or  bronze  tablets  must  be  set  as  a  permanent  mark.  In 
light  soil  a  bottle  or  similar  object  must  be  left  as  a  sub-surface 
mark.  These  marks  should  be  at  exact  center  of  station,  and  in 
addition  there  should  be  left  one  or  more  reference  marks.  At 
base-line  stations  there  should  be  left  at  least  two  reference  marks. 

3.  Whenever  practicable,  set  the  theodolite  over  center  of  sta- 
tion while  reading  angles,  to  obviate  reduction  to  center. 

4.  The  theodolite  when  in  use  must  be  sheltered  from  the  sun 
and  wind.  When  setting  the  theodolite  tripod,  leave  the  head 
bolt  thumb-screws  loose  until  the  legs  are  firmly  placed. 

5.  STever,  under  any  circumstances,  attempt  to  place  the  circle 
so  that  when  pointing  at  any  particular  station  the  micrometers 
will  be  set  to  even  degrees. 

6.'  Use  book  No.  9-912  for  all  field  records,  and  do  not  crowd 
notes.  Have  notes  plainly  written  with  No.  4  pencil  or  with  ink, 
and  never  erase,  but  draw  a  single  line  through  erroneous  records. 

7.  On  page  immediately  preceding  record  of  angles,  write  a 
minute  and  complete  description  of  the  station  occupied,  giving 
nearest  trails  or  roads,  camping  places,  station  marks,  etc.,  as  well 
as  ownership  of  land  when  possible.  Write  this  description  before 
leaving  the  station.  In  addition  plat  a  rough  diagram  of  point- 
ings, showing  also  plan  of  eccentric  location  of  instrument,  if 
there  be  such. 

8.  Before  observations  are  commenced  at  a  station,  test  all  ad- 
justments of  theodolite,  and  correct  such  as  are  found  in  error, 
paying  special  attention  to  micrometers  to  avoid  the  errors  of  run. 

9.  For  micrometer  theodolites,  angles  must  be  measured  either 
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by  the  method  of  circle  readings  (directions)  or  by  single  angles, 
and  in  either  case  each  set  of  angles  must  be  kept  on  a  single  page 
of  note-book.  If  the  method  of  directions  be  adopted,  each  com- 
plete set  must  consist  of  pointing  with  telescope  direct,  and  re- 
verse pointing  with  telescope  inverted,  always  closing  horizon. 
See  IT.  S.  6.  8.  Monograph  XXII  for  additional  details  in  use  of 
micrometer  theodolites. 

10.  No  angle  should  be  considered  finally  determined  that  has 
not  been  measured  on  at  least  four  different  parts  of  the  circle. 

11.  The  error  of  closure  of  any  triangle  in  primary  schemes 
should  not  exceed  &\ 

12.  Opposite  each  angle  recorded  give  any  necessary  informa- 
tion in  regard  to  visibility  of  signals  or  atmospheric  conditions. 

13.  Do  not  trust  to  memory  for  notes.  Make  all  notes  as  com- 
plete  as  though  it  were  expected  another  person  would  compute 
them. 

14.  Magnetic  declination  must  be  determined  at  each  azimuth 
station  and  at  each  county  seat. 

15.  Observations  for  azimuth  on  Polaris  before  and  after  elon- 
gation must  be  made  on  two  nights  from  at  least  ont?  station  in 
each  square  degree,  to  consist  of  not  less  than  6  angles  between 
mark  and  star  with  telescope  direct  and  reversed.  See  Monograph 
above  referred  to  for  form  of  record.  Great  care  must  be  taken  in 
adjusting  and  leveling  the  horizontal  axis  of  theodolite.  Watch 
error  must  be  determined  by  telegraphic  comparison  of  time  or  by 

\ 

astronomic  obsei^vations. 

16.  Two  marks  of  dressed  stone  or  masonry,  about  500  feet 
apart  on  a  true  north-and-south  line,  must  be  established  at  each 
county  seat,  the  center  of  each  to  be  the  cross  mark  on  one  of  the 
standard  bronze  tablets. 
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17.  Angles  at  each  station  must  be  reduced  to  center  of  per- 
manent  mark  in  order  to  test  triangle  closures.  Arbitrary  adjust- 
ments and  preliminary  computations  should  be  made  in  the  field. 
All  computations  except  distances  and  co-ordinates  must  be  io 
book  No.  9-889. 

18.  Keep  a  careful  plot  of  the  work  on  a  scale  of  10  miles  to  an 
inch,  and  each  month  send  a  copy  with  monthly  report,  indicating 
angles  measured  by  the  usual  signs. 

19.  On  fly-leaf  of  each  notebook  write  an  index  of  contents  of 
book,  and  state  make  and  number  of  theodolite  used. 

20.  The  observer  should  always  endeavor  to  locate  prominent 
points  that  may  be  of  use  to  the  topographer,  or  that  may  be  used 
for  future  stations. 

21.  Especial  attention  must  be  paid  to  the  location  of  county 
courthouses,  section  and  county  corners,  and  State-line  marks. 

22.  Useful  locations  can  often  be  made  by  the  "three-point 
method,"  the  theodolite  being  set  up  for  the  purpose  while  going 
to  or  from  stations. 

23.  Keep  in  view  the  fact  that  station  names  are  to  be  published, 
and  select  such  as  have  local  significance. 

CHA8.  D.  WALCOTT, 

Director. 
February  15,  1897. 

GEODETIC  POSITIONS. 

The  final  last  square  adjustments  of  the  triangulation  executed 
in  1896  having  been  completed,  the  geodetic  co-ordinates  are  here 
published,  as  are  those  of  such  of  the  triangulation  of  1897,  sb 
has  been  finally  adjusted. 

Primary  triangulation  for  the  Adirondack  region  for  the  sea- 
son of  1896  was  based  on  the  geodetic  co-ordinates  of  the  stations 
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Hamilton-Pro&pect,  b»  given  by  the  United  States  Coast  and 
Geodetic  Survey.  That  for  southwestern  New  Ywk  is  based  on 
the  geodetic  positions  of  Harrison,  Orange,  and  Swale,  as  given 
by  the  New  York  State  Survey  (Gardiner).-  A  least-square  figure 
adjustment  has  been  made  of  the  work  in  the  former  r^on,  and 
an  arbitary  adjustment  of  the  triangulation  in  the  latter  region, 
which  consisted  of  a  belt  of  single  triangles.  The  field  observa- 
tions of  1896  were  made  by  Mr.  W.  J.  Peters,  assisted  by  Gaston 
P.  Philip.    Average  closure  error  of  triangles  is  4".7. 

HAMILTON,  IN  HAMILTON  COUNTY. 

United  States  Coast  and  Geodetic  Survey  triangulation  station 
on  highest  point  of  Mount  Hamilton,  3  miles  southeast  of  Lake 
Pleasant,  Hamilton  county.    Cleared  of  timber. 

Station  mark :  Copper  bolt  set  in  solid  rock,  marked  "  U.  S, 
O.  S.  465  N.  Y." 

[Latitude,  43o  S4'  41.8S''.    Longitude,  74o  88'  00.14''.] 


To  itation— 


Prospect.. 

Gore 

Crane  .... 
Big  Range 
Snowy 


Azimuth. 


o  /          // 

268  28  38.73 

221  33  38.32 

845  28  19.04 

206  09  35.82 

177  03  15.52 


Back  azimuth. 


// 


88  53  20.26 

41  46  44.82 

65  44  59.34 

26  14  31.60 

357  02  24.76 


Log.  distance. 


Meters. 
4  6858085 

4.5860772 

4.5547813 

4.3397301 

4.5065186 


PROSPECT  IN  WARREN  COUNTY. 

A  triangulation  station  of  the  United  States  Coast  and  G^eo- 
detic  Survey  on  the  summit  of  Prospect  Mountain,  in  Warreng- 
burg  Township,  Warren  county,  about  5  miles  by  road  south- 
west of  Caldwell.  The  summit  is  covered  with  a  second  growth 
of  timber  about  20  feet  high. 
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Station  mark:  A  dressed  granite  stone  6  by  6  by  30  inches. 
Reference  mark:  Four  dressed  stones,  10  feet  distance  in  direc- 
tion  of  cardinal  paints. 

[Latitude,  4^0  25'  17M".    Longitude,  78o  46'  04.66''  ] 


To  station- 

Azimuth. 

Back  azimuth. 

Log.  diatancew 

Hamilton    .....    ......^....    .X,*.. 

0       /          " 
88    53    20.26 

140    40    21.78 

0      /          // 
268    28    38.73 

320    28    43.29 

Meters. 
4.6858085 

Oore 

4.554.368^ 

GORE,  IN  WARREN  COUNTY. 

A  flat-topped  monntain,  abont  2^  miles  soutliweBt  of  North 
creek,  in  the  northwest  corner  of  Warren  county.  The  station  is 
on  a  bare  rock  near  south  end  of  summit.    The  summit  has  been 

cleared  at  one  time,  but  there  is  now  a  second  growth. 

.Station  mark:  A  copper  bolt  set  in  solid  rock,  marked  '^  U.  S» 
G.  S.  468  N.  Y." 


[Latitude,  4S°  40'  15.01".    Longitude,  74o  02'  58.48".] 


To  station— 


Snowy.... 

Crane  

Big  Range 
Bine 


Azimuth. 


96  56  33.20 

333  23  14.45 

60  09  30.24 

128  27  41.19 


Back  azimuth. 


Of  ff 

276  42  33.72 

153  26  49.68 

240  01  18.95 

308  13  04.92 


Log.  distance. 


Meters. 
4.4380049 

4.1942257 

4.2651735 

4.557734^ 


ORANE,  IN  WARREN  COUNTY. 

A  rocky,  bare  summit  in  Warren  county,  about  3  miles  north- 
west of  Thurman  post-office. 

Station  mark:  Copper  bolt  set  in  solid  rock,  marked  "U.  S* 
6.  S.  464  N.  Y.^' 
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[Latitnde.  48°  82'  41.82''.    Longitade,  78°  67'  46.80".] 


To  station— 


Hamilton.. 
Big  BaDge 
Prospect .. 
Snowy.... 


Asimuth. 


ff 


65  44  59.34 

101  54  15.19 

310  54  38.04 

116  52  24.04 


Back  asimnth. 


// 


245  28  19.04 

281  42  29.42 

131  02  40.98 

296  44  50.26 


Log.  diBtance. 


Meter*. 
4.554781S 

4.3706811 

4.3199370 

4.5836926 


BIG  BAJ^GE,  IN  HAMILTON  COUNTY. 

The  most  northern  peak  of  three  timbered  points  known  as 
Big  Range,  in  Hamilton  county,  between  the  East  branch  of 
Saoandaga  river  and  Jessups  river. 

Station  mark:  CJopper  bolt  set  in  solid  rock,  marked  "U.  S. 
O.  S.  466  N.Y.^* 

[Latitade,  43»  85'  17.48".    LoDfcitiide,  74«  14'  50.45".J 


To  ttatloii*— 

Asimuth. 

Back  admnth. 

Log.  distance. 

-Crane  ........................ 

O                 /                     ft 

281    42    29.42 
240    01    18.95 
137    50    44.87 

Of                     ft 

101    54    15.19 

60    09    30.24 

317    44    57.45 

Meters. 
4.3706811 

Ctore .*- 

4.2651735 

-Snowv  ............ ...... ...... 

4.2251617 

SNOWY,  IN  HAMILTON  COUNTY. 

A  bare  rock^capped  mountain  in  Hamilton  county,  about  8 
miles  southwest  of  Indian  Lake  post-office. 

Station  mark:  A  copper  bolt  set  in  solid  rock,  marked  ^'  U.  S. 
-G.  S.  469  N.  Y.^' 

[Latitude,  48*  42'  60.80."    Longitude,  74<>  28'  18 .81".] 


To  station  — 


<}OT6 

Big  Range 

Blue 

Yander  Whaoker. 


Azimuth. 


// 


276  42  33.72 

317  44  57.45 

176  34  39.02 

226  39  21.67 


Back  asimuth. 


Log.  distance. 


// 


96  56  33 

137  50  44.87 

356  34  03.53 

46  51  26.23 


Meters. 
4.4380049 

4.2251617 

4. 2^^28778 

4.5068594 
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BLUE,  IN  HAMII/TON  COUNTY. 

A  rock-capped  Bammit  in  Hamilton  connty,  about  3  miles  from 
'^  Blue  Monntain  "  village.    The  smnmiit  has  been  cleared. 

Station  mark :  A  copper  bolt  set  in  solid  rock,  marked  "  U.  S. 
G.  8.  470  K  Y:'  I 

[Latltade.  48«  68'  20. Q6".    LoDRitnde,  74»  24'  05.10''.] 


To  station- 


Snowy 

Gore 

Vander  Whacker 


Ailmuth. 


e  /  .           // 

856  34  03.53 

308  13  04.92 

263  14  00.45 


Baok  aslmuth. 


// 


176    34    39.02 

128    27    41.19 

83    26    41.71 


Log.  distance. 


Ifeters. 
4.2828778 

4.5577342 

4.3923451 


VANDER  WHACKER,  IN  ESSEX  COUNTY. 

A  rock-capped  summit  in  the  southwestern  part  ot  Essex 
county,  between  North  or  Hudson  river,  Boreas  river,  and  the 
stage  road  from  Aiden  Lair  to  Newcomb.  The  summit  has  been 
cleared.  '  \ 

Station  mark:  A  copper  bolt  set  in  solid  rock,  marked  ^'  U.  S. 
G.  a  471  N.  Y.'' 

[Latitade,  43«  63'  98.73".    Longitude,  74°  05'  40.97".] 


To  station- 

Aslmuth. 

Back  aslmuth. 

Log.  distance. 

Bine 

83    26    41.71 

46    51    26.23 

351    30    01.50 

•        /         // 
263    14    00.45 

226    39    21.67 

171    31    58.13 

Meters. 
4.3923451 

Snow  V 

4.5068594 

Gore 

4.4073606 

SWALE,  IN  STEUBEN  COUNTY. 

In  lot  No.  429,  Steuben  county,  on  property  of  Mr.  Burlingame, 
about  4  miles  east  of  West  Cameron,  on  bare  hill, 
fitation  mark :  Granite  i)ost,  marked  "  429  N.  Y.  S.  S." 
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To  ttotloii— 

Asimatb. 

Back  azimntb. 

Lof .  dUtaoce.   * 

TTnrnftnn 

o         /              n 

28    11    28.77 
93    17    16.4 

o           /           // 

208    03    10.47 
278    10    27.2 

Meten. 
4.5597210 

Call 

4.1459946 

OA.LL,  IN  STEUBEN  COUNTY. 

Eastern  end  of  long  Baminit  known  as  Call  Hill  or  East  Call 
Hill,  in  Hartsville  Township,  Steuben  county,  about  100  yards 
south  of  road  from  Alfred  Center  to  Bennett  creek  post-office,  and 
about  3  miles  distant  from  the  latter. 

(Station  mark :  An  iron  post  with  brass  cap  marked  ^^  U.  S.  Geo- 
logical Survey  B.  M.    U.S.  G.8.    473  N.Y/^ 

[LaUtDde,  42«  12'  41.M''.    Longitude,  77«  89'  37.10''.] 


To  atation— 

Aiimnth. 

Back  asimuth. 

Lo£.  dlataace. 

RWal6     ..-.,.,.-,.-TT-r-r.*T...... 

o              /                // 

273  10  27.2 
58    25    50.1 

101  20  46.0 
56    49    31.0 

93    17    16.4 
238    11    39.8 
281    12    21.9 
236    42    19.0 

Maten. 
4.1459946 

Aim  A  .r 

4.5341817 

Ward 

4.2440196 

Round  Top  -,, ,^ T 

4.2470200 

ALMA,  IN*  ALLEGANY  COUNTY,      i 
In  lot  127,  Alma  Township,  Allegany  county,  about  1^  miles 
east  of  Pikeville  post-offloe,  on  property  of  Mr.  HaJl,  of  Wellsville. 
Cleared  toward  east}  heavily  timbered  toward  west. 

Nation  mark:  Iron  post  with  brass  cap  marked  "  U.  S.  Geologi- 
cal Survey  B.  M.    U.  S.  G.  S.    475  N.  Y.*' 

[Latltade,  42«  W  59.88".    Longitade.  78»  00'  44.68".] 


To  itatlon— 

Aaimnth. 

Back  aaimuth. 

Ward 

Q                1                   It 

208    59    28.9 
148    24    04.9 
110    50    59.8 
239    53    56.0 

o               /                 // 

29  05  16.1 
828  17  14.0 
290    43    32.8 

60    00    54.0 

Meters. 
4.3887799 

Belfast • 

4.4278990 

Clarksville 

4.2148842 

Round  Top 

4.2191200 
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I  WAKD,  IN  ALLEGANY  COUNTY. 

On  divide  between  headwaters  of  Vandennark  and  Phillipti 
oreeks,  about  1^  miles  southeast  of  Phillips  creek  post-offlce,  in 
lot  29,  Ward  Township,  Allegany  county,  on  -profperty  occupied  by 
Mr.  A.  W.  Lamphear. 

Station  mark:  Iron  post  with  brass  cap  marked  "  U.  &.  Geolo- 
gical Survey  B.  M.    U.&G.  S.    472  NY."        i 

[Latitade,  42«  14'  32.93''.    Longitade,  77»  52'  07.21".] 


To  station- 


Alma 

Call 

Belfast.... 
Ronnd  Top 


AsimMth. 


// 


29  05  16.1 

281  12  21.9 

93  11  53.2 

349  26  39.0 


Back  aslmiitb. 

o 

/        // 

208 

59    28.9 

101 

20    46.0 

272 

59    13.0 

169 

27    50.0 

Log.  distance. 


Meters. 
4.3887799 

4.2440196 

4.4139140 

4.1249400 


BELFAST,  IN  ALLEGANY  COUNTY. 

In  lot  10,  Belfast  Township,  Allegany  county,  about  8  feet 
north  of  road  from  Black  creek  to  Transit  bridge,  about  2  miles 
east  of  Black  creek  post-office,  and  about  4  miles  northwest  of 
Friendship. 

Station  mark:  A  copper  bolt  set  in  granite  post  4  feet  long  by  6 
inches  square,  marked  "  U.  S.  G.  S.    477  N.  Y." 


[Latitade,  42o  15'  18.30".    Longitude,  78o  10'  66.M".] 


To  station^ 

Asimuih. 

Back  asimath. 

Log.  dlstanoe. 

Alma...... , 

0        /        // 

328  17  14.0 

272  59  13.6 

4  14  26.8 

84  30  35.9 

o           /           // 

148  24  04.9 

93  11  53.2 

184  13  50.0 

264  20  32.9 

Meters. 
4.4278990 

Ward 

4.4139140 

Clarksville 

4.2311053 

Learn 

4.3151033 
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CLA1RKSVILLE,.IN  AI^LEGAJ^Y  COUNTY. 

A  partially  cleared  hill  abont  3  miles  Boatheast  of  Clarksyille, 
3  miles  northwest  of  Bolivar,  and  3  miles  west  of  Biehburg,  in  lot 
2,  Clarksville  Township,  Allegany  county.  > 

Station  mark:  A  copper  bolt  set  in  granite  post  4  feet  long  by  6 
inches  square,  marked  "  U.  S.  G.  S.    476  N.  Y." 

[Latitude,  42o  06'  06.00''.    Longitude,  76o  11'  f  1.74".] 


/ 

To  station- 

• 

Asimutb. 

Baek  nsimath. 

Log.  diBtanoe. 

Alma 

0        /        // 

290  43  32.8 
184  13  50.0 
127  50  30.6 

O          '          // 

110  50  59.8 

4  14  26.8 

307  41  05.3 

Meter*. 
4.2148842 

Belfast 

4  2311053 

Learn  ...........x. 

t 

4  3882626 

LEARN,  IN  OATTAEAUGUS  OOUNTY. 

In  township  of  Ischua,  Cattarangus  county,  on  property  of  Mr. 
Leam,  3  miles  west  of  Bennett  creek  post-offioe. 

iStation  mark:  A  copper  bolt  set  in  granite  post  4  feet  long, 
marked  "  U.  S.  G.  S.    478  N.Y." 

[Latitude,  429 14'  18.27".    Longitude,  78o  25'  58.70".] 


To  station— 

Asimnth. 

Back  asimnth. 

Log.  distance. 

Clarksville 

O            f            ff 

307  41  05.3 
264  20  32.9 

o        /        // 

127  50  30.6 
84  30  35.9 

Meters. 
4.3882626 

Belfast 

-  4.3151033 

.         w 

BOUND  TOP,  m  ALLEGANY  COUNTY  (not  occupied). 

Secondary  point.  In  lot  28,  Andover  Township,  Allegany 
county,  on  property  of  Mr.  Sullivan,  3  miles  southwest  of  An- 
dover.   A  cleared  point. 

(Station  mark :  Iron  post  with  brass  cap  marked  ^'  U.  S.  Geolo- 
gical Survey  B.  M.    U.  S.  G.S.    474  N.Y. 

8 
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[Latitude,  42©  07'  S8  .11".    LoDgltude,  T:®  W  80.  78".] 


To  station- 

Azimuth. 

Log.  distance. 

Harrison  ...................... 

o         /            f 

333  05  15.0 

236  42  19.0 

60  00  54.0 

169  27  50.0 

153  10  49.0 

56  49  31.0 

239  53  66.0 

349  26  39.0 

Meters. 
4.41344 

Call 

4.24702- 

Alma ................... ...... 

4.21917 

Ward 

4.12494 

The  primary  triangulation  for  thei  field  season  of  1897  in  Cat- 
taraugns  county  was  based  on  the  line  "  Learn — Olarksvill^'*  es- 
tablished by  the  triangulation  of  the  preceding  year,  both  of 
these  points  haying  to  be  reoccupied  in  order  to  i)ermit  of  exten- 
sion to  the  westward.  The  triangulation  for  the  Adirondack 
region  for  the  season  of  1897  was  based  on  the  line  "  Snowy — 
Hamilton,"  established  by  the  primary  triangulation  of  last  year,, 
but  was  extended  through  to  the  coast  survey  lines  "  Bartow — 
Schuyler  "  and  "  Schuyler — (Penn,"  near  Rome  and  Utica,  thus^ 
furnishing  a  check  upon  the  quality  of  that,  work.  A  least 
square  adjustment  has  been  made  of  the  work  in  Cattaraugus 
county,  a  preliminary  or  tentative  adjustment  of  the  triangula- 
tion only  being  made  in  the  Adirondack  region  because  any  ad- 
justment made  there  would  be  disturbed  within  the  next  year  or 
two  upon  the  further  extension  of  that  triangulation.  Moreover,, 
all  the  angles  essential  to  the  completion  of  that  scheme  have  not 
been  observed,  some  stations  requiring  reoccupation  and  only 
enough  having  been  done  to  permit  of  the  immediate  utilization, 
of  the  work  in  the  prosecution  of  topograghic  mapping. 

LEARN,  IN  CATTARAUGUS  COUNTY. 


Same  point  occupied  as  in  1896. 
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[Latitude,  4S^  14'  18.8»''. 

Longrltude,  TS^  86 

'  68.769".] 

« 

To  station- 

Azimuth. 

hog.  distance. 

Meters. 

Belfast  

O             /              // 

264  20  40.1 

307  41  13.2 

2  37  16.9 

61  05  16.4 

4.3150995 
4.3882610 
4.3683237 
4.4047580 

20659* 

■ 

Clarksville 

24449* 

Flatiron 

23352 

TowDsend ,.. -.-. 

25396 

OLABKSVIIiLE,  IN  ALLBGAiNY  0OTma?Y. 
Bame  point  as  occupied  in  1896.    A  scaffold  rebuilt  40  feet  high, 
to  see  "  Learn.'*  !    i  • 

[Latitude,  42»  06'  08.027".    Longitude,  78o  U'  61.740".] 


To  station- 

Azimuth. 

Log.  distance. 

Meterp. 

Belfast  r 

o            /             // 

184  13  56.6 

290  43  38.8 

127  60  38.5 

67  50  19.9 

4.2311051 
4.2148899 
4.3882610 
4.3437861 

17026- 

Alma ................................. 

16402 

Learn  ................................ 

24449- 

Flatiron 

22069 

FLATIRON,  IN  OATTABLA.UGUS  COUNTY. 

Locally  known  as  Flatiron  Bock.  <  This  station  is  in  Olean 
township,  Cattaraugus  county,  and  is  3  miles  south  of  Olean,  on 
the  northeast  end  of  a  high  ridge  forming  the  divide  between 
Napip  creek  and  Allegany  river. 

Permanent  mark:  Copper  bolt  in  solid  rock,  marked  "  U.  6.  G.. 
S.    N.  Y.  479.'^ 


Signal:  Heliotrope. 


[Latitude,  42°  01'  87.866".    Longitude,  78°  26'  40.193".] 


To  station— 

1 

Azimuth. 

Log.  distance. 

Meters. 

Clarksville  .  -- 

0              /               // 

247  40  24.7 
182  36  45  9 
117  33  42.7 

4  3734861 
4.3683237 
4.3779127 

22069 

Leam  ............ ...... ...... .... .... 

23352 

TowDsend.  ......  !>.... .... .... .... .... 

2387:i 
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TOWNSEND,  IN  OATTAJRAUGUiS  OOTOITT. 

(Locally  known  as  Townsend's  Hill.  The  station  is  in  Sala- 
manca township,  Gattarangus  county,  New  York,  about  3  miles 
southeast  of  Salamanca.  There  is  a  private  road  from  the  vil- 
lage of  Salamanca  to  the  station. 

Permanent  mark:  Iron  benchmark  post,  marked  ^^TJ.  S.  Geo- 
logical Survey,  B.  M.,  480.'' 

Signal :  Heliotrope  and  scaffold. 

The  instrument  has  to  be  elevated  15  feet  to  see  Flatiron. 

[Latitude,  4S»  07'  84.258''.    Longitude,  78«  42'  01.088".] 


To  station— 

Azimuth. 

Log.  distance. 

Meters. 

L^am  ..--- 

9      t       II 
240  54  26.5 

297  23  25.2 

4.4047580 
4.3779127 

25396 

Flatiron 

23878 

SNOWY,  IN  HAMILTON  COUNTY. 
Description  pablished  last  year. 

[Latitude,  48«  43'  00.69".    Longitude,  74«  28'  13.81".] 


To  station- 

Aslmatlk. 

Log.  distanoe. 

Meters. 

West  Canada 

O           >          II 

54  26  45 
77  20  02 

4.52631 
4.18149 

33598 

Little  Moose - 

15188 

H'AMII/PON,  IN  HAMII/rON  COUNTY. 
Ooonpied  in  1896«    IT.  S.  0.  and  0. 8.  final  position. 

[Latitude,  48«  24'  41.82".    Longitude.  74«  33'  00.14".] 


To  station- 


West  Canada 


Little  Moose 


West  oreek 
Fish 


Asinrath. 


9  I  II 

113  22  27 

150  10  46 

64  37  58 

131  28  45 


Log.  distance. 


4.49941 
4.52004 
4.46489 
4.00362 


Meters. 


31580 
33116 
29167 
10084 
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LITTLE  MOOSE,  IN  HAMILTON  COUNTY. 

little  Moose;  also  known  as  Kismeth,  is  a  cleared  monntain 
snmmit  near  the  headi^raters  of  West  Canada,  Cedar,  and  south 
branch  of  Moose  rivers,  in  township  4,  Hamilton  county,  N.  Y. 

Permanent  mark :  A  copper  bolt  marked  "  TJ.  6.  G.  S.    N.  Y. 

iSignal:  Fonr-leg  pyramid. 

[Latitude,  48«  4(K  IS. IS".     LoDgitade,  74<>  84' 1S.17."] 


To  sUtton— 

Azimuth. 

Log.  distance. 

Meters. 

Hamilton •••........... 

o            /                // 

330  02  15.89 
37  33  09.62 
105  34  37 
80  42  07 
124  42  04 
257  12  28.12 
302  06  54. 

4.5200577 

4.3112380 

4.45662 

4.50470 

4.27082 

4.1815127 

3  92652 

38117.5 

West  Canada 

20476.7 

Bald 

28617 

Woodhnll 

81967 

Black 

18656 

Snowy..... 

15188.4 

Cloud  Cao 

84430 

WEST  CANADA,  IN  HAMILTON  COUNTY. 

A  timbered  top  about  3,000  feet  altitude,  4  miles  due  east  of 
Forest  Lodge  on  the  Adirondack  League  Club  Preserve,  in  town- 
ship 7,  Hamilton  county. 

Permanent  mark:  A  copper  bolt  in  solid  rock,  marked  "U.  S. 
G.  S.  N.  Y.  483,"  over  which  is  built  a  small  mound  of  stone^ 
Two  reference  arrows  cut  in  rock  outcroppings. 

Instrument  raised  30  feet. 

Signal :  A  spruce  tree  trimmed  to  within  10  feet  of  top. 
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[Latitude,  48«  81'  25.8(K'. 

Longitude,  74«  42 

I'  80.97".] 

To  station— 

Azimuth. 

Log.  distance. 

Meters. 

HamiltoD  .., 

293  07  42.14 
234  12  50.62 
217  26  46.42 
147  39  06 
69  52  15 
38  25  27 
80  33  08 

4.4994236 

4.5263101 

4.3112381 

4.45144 

4.66431 

4.70919 

4.48810 

31580.8 

Sdowv-.  ----  , 

33597.7 

Little  MooBc 

20475.7 

Bald 

28276 

Peu 

46165 

Schnyler 

51191 

Mvers  ............ ...... .... .... 

30768 

PEN,  IN  ONEIDA  COUNTY. 
U.  S.  S.  S.  &  G.  S.  podjit.    A  bare  hill  aborat  2  miles  west  of 
8teuben  station,  in  Steuben  township. 

u 

Permanent  mai^:  A  granite  post  markedoxa,  with  four  granite 

8 

witness  posts. 

Signal:  A  four-leg  scaffold  of  sawn  lumber. 


[Latitude,  48o  22'  46.56''. 

Longitude,  75o  16'  16.96".] 

To  statioD— 

Aziiunth. 

Log.  distance. 

Meters. 

West  Creek 

o        /        // 
280    50    11 

334    10    22 

249    30    11 

264    17    01 

229    47    58 

4.67194 
4.42849 
4.66431 
4.55002 
4.22836 

46983 

Schuvler ...... ...... ...... ...... ...... 

26822 

Weftt  Canada 

46166 

Ft.  Noble 

35483 

Mvers 

16918 

BARTO,  IN  HERKIMER  COUNTY. 
N.  Y.  S.  S.  point.    A  high,  bare  hill  in  Fairfield  township, 
about  li  miles  east  of  village  of  Fairfield. 

Permanent  mark:  A  stone  iKwt  marked  "  N.  Y.  S.  S.  28." 
Signal :  A  four-leg  pyramid  of  wood. 
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[Latitude,  48o  07'  50.07''.     Longltade,  74o  53'  24.88".] 


To  ftt»tion— 

Asimnth. 

Log.  distance. 

Meters. 

Cold  Brook 

o         /        // 

145    25    54 

4.23313 

17105 

SCHUYLER,  IN  HERKIMER  COUNTY. 

A  N.  Y.  S.  S.  point  in  lot  16,  Schuyler  townahlp,  about  6  miles 
from  Poland,  on  the  Poland-Utica  old  stage  road. 

Permanent  mark :  Granite  i)ost  marked  "  N.  Y.  S.  S.  203." 
Signal:  Four-l^g  pyramid  of  wood. 


[Latitude,  48°  09'  48.06".    LoDgitude,  75°  06'  59.18".] 


To  station— 


Colil  Brook 


Mjere 

Vfesi  Creek. 


Pen 

West  Canada 


Ft.  Noble 


Astmuth. 


219  22  05 
182  07  13 
246  08  31 
154  16  17 
218  09  22 

220  34  40 


Loff.  distance. 


4.13584 
4.54513 
4.57643 
4.42849 
4.70919 
4.56094 


Meters. 

13672 
35086 
37708 
26822 
51191 
36387 


CLOUD  CAP. 
In  Hamilton  county.    (Not  occupied.) 


[LaUtude,  48o  87'  46.60".    Longitude,  74°  88'  56.25".] 


To  station- 

Aximuth. 

Log.  distance. 

Meters. 

Little  Moose.... 

o        /       // 

122  10  32 

59  10  15 

238  51  42 

224  21  04 

3.92651 
4.35938 
4.41430 
4.04014 

8443.2 

West  Canada 

22875.9 

Tfamilton  *,.*... .- .,, .,., 

25960.0 

Snowy - 

10968.8 
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DUG. 
In  Essex  oonnty.    (Not  occnpied.) 


[Latitnd*,  48«  84'  58.49''.    Looffi^de,  74«  W  45.88".] 


To  ftation— 

ABimath. 

Loff.  distanoe. 

M«ten. 

Hamilton . . . 

e            /        // 

365    02    28 
265    45    16 

4.28114 
3.90243 

1910.5 

BifiT  Banflre......  ...•• 

7988.0 

'*'*©     *•%•••  ^^*  •>>••■    ■■***>    ■>>■    •*«■     ••••    aaa. 

PEAKED  MOUNTAIN. 
In  Warren  county.    (Not  occupied.) 

« 

[Latitude,  48*  48'  48.62".    Loogitodo,  74»  08'  87.08".] 


To  Btatioii— 


Sdowj. 
Gore.. 


Asimnth. 


o  /  // 

80    40    41 
308    40    19 


Log.  diftanoe. 


4.28874 
4.01245 


Meiers. 


19442 
10291 


MoaiNN. 
In  Hamilton  county.    (Not  occupied.) 


[Latitude,  48» 

46'  34.44". 

Longltnde,  74»  18 

'  28.8«J".] 

To  ttation— 

Asimuth. 

Log.  distance. 

Meters. 

Blue 

o           /        // 

126  54  23 
57  19  13 

4.25129 
4.19392 

17836 

Snowv - 

15629 

SIGNAL  N. 
In  Warren  county.    (Not  occupied.) 


[Latitude,  48*  49'  02.10". 

Longitude,  74°  14 

'  28.41".] 

To  station— 

Asimnth. 

Log.  distance. 

Meters. 

McGinn 

0             /          // 

343  03  48 
42  08  54 

3.67795 
4.24383 

4655 

Snowy...... ...... ...... ...... ........ 

17532 
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INDIAiN  LAKE  CHURCH  SPIRE. 


In  Hamilfton  connty.    (Not  occupied.) 


[Latitude,  48«  40'  i9M".     LonffKude,  74«  15"  VTM".] 


To  station- 

Aslmuth. 

Log  distance. 

HeUra. 

Gore 

0           /           // 

304  52  34 
226  05  51 

4.32757 
4.27635 

21260 

Vanderwhacker ..-.-. 

18895 

GOODNOE. 
In  Eflsex  oanntju    (Not  occupied.) 


[Latitude,  48«  57'  86.40''.     LoDgritude,  74»  IS'  87.87".] 


To  station— 

Azimuth. 

Log  distance. 

Meters. 

McGinn 

30  04  30 
306  51  39 

4.31090 
4.05863 

20460 

Tanderwha^ker ........... ..  ..   .-.-.. 

11445 

KEMPSKALL. 
In  Hamilton  county.    (Not  occupied.) 


[Latitude,  44«  01'  S8.63".^  Longitude,  74<>  10'  48.91".] 


To  station- 

Azimuth. 

Log  distance. 

Meters. 

Bine 

0            /           // 

16  42  09 
306  42  32 

4.25137 
4.36993 

17839 

Yanderwliacker 

23439 

PRECISE  LEVELS. 


The  following  factors  are  those  employed  by  the  co-oi)erative 
topographic  survey  in  correcting  the  elevations  of  the  bench- 
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marks  of  the  State  canals  as  pnblished  in  reports  of  the  State 
Engineer  and  Surveyor,  and  the  bench-marks  of  the  line  of 
levels  run  by  the  United  States  Engineer  Corps  from  Albany  to 
Oswego,  as  published  in  professional  papers  No.  24,  Corps  of 
United  States  Engineers. 

The  elevations  published  by  the  corps  of  engineers  are  based 
on  the  old  G-ristmill  bench-mark  established  by  the  United  States 
Coast  and  Geodetic  Survey  at  Greenbush,  opposite  Albany,  the 
height  of  which  was  determined  by  precise  levels  run  from  Sandy 
Hook  in  1877  as  being  14.73  feet  above  mean  sea  level.  The  ele- 
vations published  by  the  State  Engineer  of  the  various  bench- 
marks on  the  line  of  the  canals  are  based  on  mean  low  water  at 
Albany.  A  connection  has  been  made  between  State  canal 
bench-marks  and  United  States  engineer  corps  bench-marks  at 
lock  No.  1,  and  the  difference  between  the  two  is  +1.18  feet.  In 
other  words,  this  amount,  added  to  the  State  canal  elevations 
reduces  them  to  mean  sea  level  as  accepted  by  the  United  States 
engineers  and  published  in  professional  papers  No.  24. 

In  1893  to  1895  Assistant  C.  H.  Van  Orden  of  the  United  States 
Coast  and  Geodetic  Survey  ran  two  lines  of  precise  levels,  one 
from  mean  sea  level  at  Boston  and  the  other  from  mean  sea 
level  at  Sandy  Hook,  both  connecting  with  the  old  Gristmill 
bench-mark,  the  former  making  its  elevation  14.07  feet  and  the 
latter  making  it  13.22  feet.  The  United  States  Coast  and 
Geodetic  Survey  has  discarded  the  old  elevation  14.73  feet,  and 
now  accepts  for  the  elevation  of  the  Gristmill  bench-mark  the 
mean  of  the  two  lines  of  levels  run  between  1893  and  1895,  giving 
for  that  bench-mark  the  value  13.64  feet  above  mean  sea  level  at 
Bandy  Hook.  This  is  the  value  for  the  Gristmill  bench-mark 
accepted  also  by  the  co-operative  topographic  survey. 
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Connection  has  been  made  between  the  levels  of  State  canal» 
west  of  Borne  with  the  benchee  of  the  United  State®  engineer 
corps  at  Charlotte  and  Oswego.  The  latter  was  done  with  the 
greater  care  and  as  a  result  the  canal  levels  were  foand  to  be 
0.641  feet  below  those  of  the  engineer  corps. 

In  order,  therefore,  to  reduce  the  elevations  of  the  State  canals- 
as  published  by  the  State  Engineer  and  Surveyor,  to  mean  sea 
level  at  Sandy  Hook,  as  obtained  from  the  more  recent  precise 
levels  and  the  connections  at  Oswego,  the  value  0.1  foot  must 
be  added  to  all  such  published  elevations  of  bench-marks  eaat 
of  Home  and  the  value  0.4k4:  feet  must  be  subtracted  from  all 
published  elevations  of  the  State  Canal  bench-marks  west  of 
Bome. 

To  reduce  the  published  elevations  of  the  United  States  en- 
gineer corps  to  mean  sea  level  at  Sandy  Hook  in  accordance  with 
the  more  recent  precise  levels  of  the  United  States  Coast  and 
Geodetic  Survey  the  value  1.085  must  be  subtracted  from  all 
elevations  of  bench-marks  published  in  Professional  Papers  No* 
24. 

SPIBIT  LEVELING. 

The  spirit  leveling  during  the  past  two  seasons,  like  the  pri- 
mary triangulation,  has  been  conducted  in  accordance  with  gen- 
eral instructions  issued  with  a  view  to  obtaining  a  uniform  grade 
of  accuracy,  and  a  limit  of  error  of  closure  at  connecting  points- 
has  been  established  in  order  to  fix  the  quality  of  this  work. 
For  the  benefit  of  those  who  may  be  interested  in  the  methoda 
adopted  for  performing  such  work,  their  attention  is  called  to 
the  types  of  bench-marks  established  as  described  elsewhere  in 
this  report,  and  to  the  following  instructions  issued  to  level- 
men. 
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dbpartme»n?  of  the  interior, 
United  States  Geological  Survey. 


INSTRUCTIONS  FOR  LEVELING. 

1.  Primary  level  lines  should  be  run  with  one  or  two  rodmen 
and  one  levelman,  and  when  necessary  a  bubble-tender.  Where 
such  lines  are  run  in  circuits  which  will  check  back  upon  them- 
selves or  other  lines,  one  rodman  will  suffice.  Where  long,  un- 
checked lines  are  run,  two  rodmen  must  be  employed. 

2.  Single-Rodded  Lines. —  Levelman  and  rodman  must  keep 
separate  notes  and  compute  differences  of  elevation  immediately. 
As  levelman  and  rodman  pass,  the  former  must  read  the  rod  him- 
self, record  and  compare  readings,  then  compute  the  H.  I.,  and 
after  computations  are  made  compare  results  with  the  rodman. 
No  comparisons  should  be  made  until  the  record  is  complete.  If 
the  results  differ,  each  must  read  the  rod  before  comparing  any- 
thing but  results. 

3.  Work  on  primary  lines  should  not  be  carried  on  during  high 
winds  or  when  the  air  is  "boiling"  badly.  During  very  hot 
weather  an  effort  should  be  made  to  get  to  work  early  and  remain 
out  late,  rather  than  to  work  during  midday. 

4.  Fore  and  back  sights  should  be  of  equal  length,  and  no  sight 
over  300  feet  should  be  taken  excepting  under  unavoidable  cir- 
cumstances, as  in  crossing  rivers  at  fords  or  ferries  or  in  crossing 
ravines.  In  such  rases  extraordinary  precautions  must  be  taken, 
as  repeated  readings  at  changed  positions  of  rod  and  level,  etc. 

5.  If  it  is  impracticable  to  take  equal  fore  and  back  sights,  as 
soon  as  the  steep  slope  is  passed  take  enough  unequal  sights  to 
make  each  set  balance.  In  this  case  extra  care  must  be  taken  to 
insure  correct  adjustment  of  the  level. 
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6.  Distances  along  a  railroad  can  be  obtained  by  counting  rails; 
at  other  times  stadia  or  pacing  may  be  used,  according  to  the 
quality  of  the  work.  The  distances  in  feet  of  both  the  fore  and 
back  sights  must  be  recorded  in  both  note-books  in  the  proper 
columns. 

7.  Always  level  the  instrument  exactly  before  setting  the  tar- 
get. After  setting  it  and  before  giving  the  signal  "all  right" 
examine  the  level  bubble.  If  found  to  be  away  from  center, 
correct  it  and  reset  target. 

8.  The  level  must  be  adjusted  daily  or  oftener,  if  necessary. 
The  adjustment  of  the  line  of  collimation  and  of  the  level  tube  is 
especially  important. 

9.  Provide  rodmen  with  conical  steel  pegs,  6  to  12  inches  long, 
with  round  heads,  to  be  used  as  turning-points.  Never  take  turn- 
ing-points on  rails,  ties  or  between  them.  Always  drive  the  pegs 
firmly  into  the  ground. 

10.  When  the  rod  is  lengthened  beyond  6.5  feet,  both  the 
rodman  and  the  levelman  must  examine  the  setting  of  the  target 
as  well  as  the  reading  of  the  rod  vernier.  When  the  rod  is  closed 
see  that  the  rod  vernier  indicates  6.5  feet,  not  depending  upon  the 
abutting  end  to  bring  it  back  to  place.  Keep  the  lower  end  of  the 
rod  and  the  top  of  the  turning-point  free  from  mud  and  dirt. 

11.  Plumbing-levels  must  always  be  used  and  kept  in  adjust- 
ment, and  long  extensions  of  the  rod  avoided. 

12.  Leave  temporary  bench-marks  at  frequent  intervals,  marked 
Bo  that  they  can  be  easily  identified.  These  may  be  on  a  solid  rock 
well  marked,  a  nail  driven  in  the  root  of  a  tree  or  post,  or  on  any 
place  where  the  mark  will  not  be  disturbed  for  a  few  weeks.  One 
such  bench-mark  should  be  left  for  every  mile  run,  in  order  to 
give  sufficient  points  to  which  to  tie  future  levels.  Mark  in  large 
figures  in  a  conspicuous  place  when  possible  the  elevation  to  the 
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nearest  foot.  Make  notes  opposite  all  elevations  at  crossings  of 
roadS;  railroads,  streams,  bridges,  and  in  front  of  railway  stationB 
and  public  buildings,  and  of  such  other  facts  as  may  aid  the  topo- 
:grapher  in  his  work. 

13.  All  permanent  bench-marks  must  be  on  copper  bolts  or 
bronze  tablets  let  in  drill  holes  in  masonry  structures  or  in  solid 
rock,  or  be  on  the  iron  posts  adopted  by  this  survey.  The  figures 
of  elevation  must  be  stamped  well  into  the  metal,  to  the  nearest 
foot  only,  also  name  or  initial  letter  of  the  central  datum  point. 

14.  A  complete  description,  accompanied  by  a  large-scale  sketch, 
must  be  made  of  each  bench-mark,  giving  its  exact  elevation  as 
computed  from  the  mean  of  the  two  sets  of  notes.  After  bench- 
marks are  stamped  both  levelman  and  rodman  must  examine 
them,  and  record  in  note-books  the  figures  stamped  thereon. 


15.  The  limit  of  error  in  feet  should  not  exceed  .  05  V  distance 
in  miles. 

16.  Use  the  regular  survey  level-books;  keep  full  descriptive 
notes  on  title-page  of  every  book,  giving  names,  dates,  etc.  Each 
man  should  be  responsible  for  his  own  note-book;  and  under  no 
circumstances  should  erasures  be  made,  a  single  pencil  line  being 
•drawn  through  erroneous  records. 

17.  When  errors  are  discovered  as  the  work  progresses  report 
the  same  at  once  to  the  topographer  in  charge. 

18.  Keep  each  set  of  notes  separately  and  independently  as 
taken,  paying  no  attention  whatever  to  other  notes  except  to  com- 
pare results.  If  on  comparison  errors  are  discovered,  correct  them 
only  by  new  observations  or  computations.  All  notes  most  be 
recorded  directly  in  note-book.  Separate  pieces  of  paper  for 
figuring  or  temporary  records  must  not,  under  any  oiroumstances, 
i)e  used. 
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19.  In  long,  single-rodded  lines  makes  two  target  settings  on 
«ach  tnrning-point,  by  first  signaling  "  up  "  or  "  down  "  to  a  set- 
ting, which  is  recorded  by  the  rodman,  then  nnclamping  and  sig- 
naling in  the  opposite  direction  to  a  setting.  If  the  two  differ 
more  than  .  002  of  a  foot,  additional  readings  must  be  made.  Thi: 
rodman  sho<ald  record  all  readings,  using  in  his  computations  only 
the  first  of  the  pair  adopted,  and  the  leyelman  the  last. 

20.  Double-Rodded  Lines.  —  In  running  unchecked  or  single 
primary  lines  with  two  rodmen,  they  should  set  on  turning-points 
10  to  20  feet  apart,  but  each  at  equal  distances  for  fore  and  back 
sights;  otherwise  the  above  instructions  are  to  be  followed  with 
the  following  modifications. 

21.  The  tripod  clamping  screws  should  be  loosened  when  the 
instrument  is  set,  and  tightened  only  after  the  legs  are  firmly 
planted,  and  the  instrument  must  be  shaded  at  all  times  by  the 
bubble-tender. 

22.  The  laborer  should  place  the  steel  turning-points  for  fore 
sights  and  then  return  and  not  remove  the  back-sight  points  until 
the  levelman  has  set  targets  on  the  new  fore  sight,  so  that  there 
shall  be  in  the  ground  at  all  times  two  turning-points,  the  eleva- 
tions of  which  are  known. 

23.  Bench-marks  left  at  termination  of  work  at  night,  or  for 
rain  or  other  cause,  should  be  practically  turning-points  in  a  con- 
tinuofus  line.  They  should  consist  of  large  wooden  pegs  driven 
below  the  surface  of  the  ground,  with  a  copper  nail  firmly  em- 
jbedded  in  the  top.  One  of  these  -pegs  is  to  be  used  as  the  final 
turning-point  for  each  rodman.  They  are  to  be  covered  with  dirt 
or  otherwise  hidden,  their  location  being  marked  by  sketches  in 
note-books  showing  relation  to  railroad  ties,  telegraph  poles,  etc. 
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24.  An  index  book  or  list  of  benoh-marks  must  be  kept  posted  in 
the  fleld^  in  ink^  for  all  classes  of  leveling  done.  In  these,  location 
sketches  of  permanent  bench-marks  may  be  made,  and  descrip- 
tions should  in  every  case  refer,  with  distance,  to  some  village, 
section  comer,  or  other  place  of  local  importance.  AH  oironit 
closure  errors  should  be  distinctly  noted,  with  cross-reference  by 
page  to  the  connecting  lines. 

CHAS.  D.  WALOOTT, 

Director. 
February  16,  1897. 

As  an  indication  of  the  accuracy  obtained  in  this  work,  the 
results  of  closures  of  circuits  are  tabulated  below  so  aa  to  show 
the  distribution  of  the  leveling  parties,  the  localities  of  the  work, 
and  the  lengths  in  miles  of  all  circuits  closed  with  their  closure 
errors  in  feet.  This  table  includes  not  only  the  work  of  the  past 
field  season  but  also  that  of  the  field  season  of  1896. 
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1896. 
Localities  of  work,  lengths  of  closed  circuits^  closure  errors  and 

levelmen. 


LOCALITY. 


Adirondacks . 
Adiroudacks . 
Adirondaoks 
Adirondacks , 
Adirondack  B 
Adirondacks 
Adiroudacks . 
Adirondacks , 
Adirondacks . 

Utica 

Utica 

Aobam 

Anbam 

Aubaru 

Skaneateles. 
Bkaneateles. , 
Morayia  ..... 

Moravia 

Lock  port .... 
Lockport . . . , 

Medina 

Medina 

Medina 

Oak  Orchard 
Oak  Orchard 
Oak  Orchard 

Olean 

Olean 


LeoRtb 

of 

circuit. 

Miles, 

57 

90 

53 

78 

57 

80 

69 

85 

48 

35 

23 

80 

35 

29 

45 

44 

35 

45 

13 

17.5 

4.5 

7.5 

8.5 

5.5 

5.5 

4 

38 

5.5 

Closure 
error. 


Feet 
0.021 

0.041 
0.125 
0.145 
0.166 
0.020 
0.016 
0.020 
0.039 
0.042 
0.050 
0.232 

0.911 

0.027 

0.305 
0  110 
0.607 
0.683 
0.198 
0  051 
0.610 
0.371 
0.241 
0.040 
0.009 
0.128 
0.168 
0.019 


Lerelman. 


Clark  Brown. 
Clark  Brown. 
Clark  Brown. 
Clark  Brown. 
Clark  Br<»wu. 
Clark  Brown. 
A.  F.  Kraose. 
A.  F.  Kraase. 
A.  F.  Krause. 
A.  B.  Poiiime. 
A.  B.  Poinme. 
A.  B.  Pnmme  and 

£.  L.  McNair. 
A.  B.  Pomme  and 

£.  L.  McNair. 
A.  B.  Pomme  and 

E.  L.  McNair. 
A.  B.  Pomme. 
A.  B.  Pomme. 
A.  B.  Pomme. 
A.  B.  Pomme. 
£.  L.  McNair. 
E.  L.  McNair. 
£.  L.  McNair. 
£.  L.  McNair. 
E.  L.  McNjiir. 
E.  L.  McNair. 
E.  L.  McNflir. 
E.  L.  McNair. 
£.  L.  McNair. 
£.  L.  McNair. 


1897. 


LOCALITY. 


Lenirth 

of 
circuit. 


Closure 
error. 


Levelmon. 


Brockport  . 
Salamanca. 

Tnlly 

Tnlly 

CasenoYta  . 
Remsen.... 
Bempstead 
Oyster  Bay 


Miles. 
29 
33 
37 
48 
57 
32 
21 
31 


F^et. 
0.203 
0.142 
0.321 
0.343 
0.3:^3 
0.247 
0.010 
0.032 


E.  L.  McNair. 
E.  L.  McNair. 
Clark  Brown. 
Clark  Brown. 
Clark  Brown. 
E.  L.  McNair. 
Clark  Brown. 
Clark  Brown. 
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ELEVATIONfi  FROM  SPIRIT  LEVELING. 
In  the  following  lists  of  elevations  all  of  the  closed  oironitB 
have  been  adjusted  and  the  closure  errors  distributed.  Most 
of  the  leveling  done  in  the  Adirondack  regions  is  in  long,  con- 
tinuous and  unchecked  lines  which  will  make  closures  with  other 
circuits  in  the  course  of  one  or  two  more  seasons  of  work,  when 
adjustment  corrections  will  have  to  be  applied  to  the  published 
elevations. 

Qeneeee  and  Monroe  Countiee. 
Brogkport  and  Hamlin  Quadrangles. 
The  elevations  published  in  the  following  list  are  based 'on  a 
bronze  tablet  set  in  the  foundation  wall  of  the  Normal  school  at 
Brockport  and  marked  "  U.  S.  Greological  Survey.  B.  M.  Eleva- 
tion above  sea,  538  feet.  Datum,  B."  The  elevation  of  this 
benchmark  above  mean  sea  level  is  derived  from  the  nearest 
benchmark  of  the  State  canals.  As  reduced  in  accordance  with 
the  latest  information.  The  height  of  this  benchmark  is  ac- 
cepted as  538.210  feet  above  mean  sea  level.  The  elevations  ac- 
cepted for  and  stamx)ed  on  the  benchmarks  of  this  season  are 
nearly  2  feet  lower  than  those  stami)ed  on  the  adjacent  bench- 
marks placed  during  the  past  season,  and  for  this  reason  the 
change  in  datum  was  made  from  Lockport  to  Brockport.  The 
published  elevations  of  the  past  season  are,  however,  in  accord 
with  those  published  herewith.  The  leveling  was  under  the 
direction  of  Messrs.  J.  H.  Jennings  and  E.  B.  Clark,  topographers, 
by  Mr.  J3..  JL  McNair,  levelman. 

;     BROCKPORT  TO  HAMLIN. 
Brockport,  v^e4t  side  of  street  at  northwest  comer  of 
intersection  pf  streets  in  front  of  house  of  J.  Minot; 
chiseled  square  on  sidewalk  slab  at  gate 498.4 
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Brockport,  Normal  school;  bronze  tablet  in  founda- 
tion wall  in  front  of  office,  marked  "538  B  " 538.210 

Glarkfion,  i  mile  south  of;  stone  horse  block  opposite 
small  yellow  house  on  west  side  of  road  chiseled 
square 449.24 

Glarkson,  chiseled  square  on  granite  boulder  near 
southwest  corner  of  Hixson's  brick  store  at  north- 
east corner  of  intersection  of  roads 427.24 

Glarkson,  .9  miles  north  of;  chiseled  square  on  top 
of  boulder  in  line  with  row  of  maple  trees  west  of 
road  in  front  of  red  barn  north  of  white  house 379.16 

Olarkson,  2  miles  north  of  at  stream  crossing;  chiseled 
square  on  south  abutment  of  bridge 353.72 

Clarkson,  2.8  miles  north  of;  hard  head  boulder  in 
fence  line  west  of  road,  15  feet  south  of  small  stream 
and  opposite  bridge  over  same;  chiseled  square 344.36 

Hamlin,  .9  mile  south  of;  chiseled  square  on  stone 
abutment  southwest  corner  of  small  iron  bridge 333.10 

Hamlin,  Hamlin  house,  6  feet  from  southwest  comer 
of;  iron  post  set  in  ground  inside  fence,  marked 
" 337  Ft.  B  " 336.677 

East  Hamlin,  .4  mile  north  of  corner  which  is  1.6 
miles  east  of;  floor  of  iron  bridge. 274.9 

Hamlin,  top  of  rail  at  road  crossing  B.,  W.  &  O.  B.  B.      306.7 

HAMLIN  TO  HILTON. 

Hamlin,  0.8  miles  north  of,  at  forks  of  road;  chiseled 
square  on  large  boulder  north  end  of  stone  wall, 
west  side  of  road 306.23 
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Hamlin,  1.3  miles  north  of  at  intersection  of  roads  at 
schoolhouse;  chiseled  square  on  boulder  in  west 
end  of  stone  wall  at  northeast  corner  of  roads 305.29 

Hamlin,  2.11  miles  northeast  of;  chiseled  square  on 
hardhead  boulder  beside  barnyard  fence  200  feet 
west  of  brick  house  on  north  side  of  road 308.91 

Hamlin,  3.2  miles  east  of;  chiseled  square  on  granite 
boulder  north  of  road  nearly  opposite  white  house; 
there  are  numerous  boulders  just  west  of  B.  M.  and 
an  orchard  on  the  north. 282.75 

Hamlin,  4.2  miles  northeast  of  and  1  mile  north  of 
East  Hamlin;  chiseled  square  on  granite  boulder 
just  outside  of  fence  in  front  of  brick  house  on 
northwest  corner  of  road  intersection 289.42 

East  Hamlin,  2.4  miles  northeast  of;  chiseled  square 
on  boulder  under  maple  tree  in  front  of  wood  colored 
house  on  north  side  of  road  at  bend  to  southeast. .       289.59 

Hilton,  2.5  miles  northwest  of;  chiseled  square  on  { 

western  of  two  large  boulders    close   together   on 
north  side  of  road  opposite  road  from  the  south ,      288.56 

■ 

Hilton,  i  mile  north  of  at  "Bartletts  Corners;" 
chiseled  square  on  boulder  in  grass  triangle  at  south 
east  corner  of  road  intersection;  a  cobblestone 
church  on  northeast  comer 276.48 

Hilton,  North  Parma  hotel,  northeast  corner  of; 
chiseled  square  on  paving  stone  2  feet  from  tele- 
graph pole  280.66 

Hilton,  house  of  Dr.  J.  J.  Williams;  bronze  tablet  set 
in  foundation  wall  under  bay  window,  marked  "  284 
•Pt.  B" 284.219 
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HILTON  TO  SPENCERPORT. 

Hilton,  1.4  miles  south  of;  at  North  Parma;  chiseled 
square  at  southwest  corner  of  stone  walk  in  front  of 
house  on  northeast  corner  of  road  intersection 298.84 

Parma  Center,  250  feet  south  of  store;  chiseled  square 
on  large  round  boulder  near  fcK)ft-path  on  west  side 
of  rood 344.11 

Parma  Center,  .9  mile  south  of;  chiseled'  square  on 
boulder  northeast  comer  of  road  initersection  at  house 
without  blinds 351.67 

Parma  Center,  2.1  miles  south  of;  chiseled  square  on 
hard  head  boulder  in  old  fence  line  on  west  of  road 
nearly  in  front  of  a  light  gray  house  with  light  blue 
blinds 351.67 

Parma  Comers,  chiseled  square  on  flat  stone  at  north- 
west comer  of  building  standing  on  iie  southeast 
comer  of  intersection  of  Ridge  road 433.52 

8i)encerport,  Amity  street;  lower  step  of  west  wing 
of  westernmost  of  two  canal  bridges  (this  is  Erie 
canal  benchmark) 512 .  65 

Spencerport,  Amity  street;  canal  bridge  No.  99; 
bronze  tablet  in  center  of  abutment  facing  towi)ath 
and  canal,  marked  "  514  Ft.  B  " 513.700 

Spencerport,  N.  Y.  C.  &  H.  R.  R.  R.  station ;  southeast 

comer  of  doorstep  at  east  end  of  building 527.91 

Spencerport,  base  of  rail  at  east  end  of  N.  Y.  C.  &  H. 
R.  R;  R.  station 524.8 

BROCKPORT  TO  SWEDEN. 

BrockjKxrt;  Erie  canal  benchmark  No.  107  on  lower 
step,  east  end,"  towpath  abutment  of  Park  avenue 
canal  bridge 510.669 
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Bpockport,  Park  avenue  and  South  street;  top  of  spin- 
dle of  hydrant 530.23 

Bpockport,  MacLachlan's  coaJ-yard;  chiseled  croes  on 
sandstone  in  front  of  office 544.17 

Bpockport,  chiseled  cross  on  sandstone  about  75  feet 
south  of  hydrant  on  west  side  of  Main  street  near 
top  of  hill,  i  mile  south  of  railroad 557.39 

Bpockport  water  tower;  chiseled  square  on  stone  foun- 
dation, west  side 606.81 

Brockport,  1  mile  south  of;  chiseled  square  in  stone 
horse  block  step  in  front  of  white  house  west  side 
of  road  at  top  of  hill  opposite  cemetery 686.99 

Bpockport,  4.6  miles  west  of,  on  northeast  comer  of 
coping  northwest  abutment  of  N.  Y.  C.  &  H.  R.  R.  R. 
■bridge  No.  136 527.89 

Bpockport,  i  mile  east  of;  white  paint  mark  on  corner 
of  coping  east  side  N.  Y.  O.  &  H.  R.  R.  R.  stone  cul- 
vert No.  125,  south  sidle  of  track 533.51 

SWEDEN  TO  BERGEN. 

Sweden  Center,  chiseled  square  on  boulder  on  west 
side  of  road  in  front  of  first  house  north  of  brick 
church 667.74 

Sweden  Center,  .7  imile  south  of;  chiseled  square  on 
limestone  ledge  west  side  of  road  50  feet  from  small 
wooden  bridge  and  400  feet  south  of  stone  house. . .      618.55 

Sweden  Center,  1  mile  south  of;  chiseled  square  on 
boulder  at  northwest  comer  of  intersection  of  roads .       634 .  97 

Sweden  Center,  1  mile  south  of,  at  George  H.  Way's 
residience;  bronze  tablet  in  foundation  wall  under 
bay  window,  marked  "  639  Pt.  B." 639.170 
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Bergen,  1^  miles  north  of;   on  abutment  west  side 

south  end  of  bridge  over  Black  creek 574.7 

Bergen,  West  Shore  Railroad  crossing;  top  of  rail 579.4 

Bergra,  N.  Y.  C.  &  H.  R.  R  R.  station;  top  of  rail. . .       60S.1 
Bergen,  N.  Y.  C.  &  H.  R.  R.  R.  station ;  bronze  tablet, 
set  in  doorstep  of  baggage-room,  marked  "  604  Ft. 
R*' 608.938 

SOUTHWARD  FROM  CHILI  STATION  ON  N.  Y.  C. 

&  H.  R.  R.  R. 

Chili,  waterpass  abutment  on  line  of  N.  Y.  C.  &  H,  R. 
R.  R.  9^00  feet  east  of  station 663.76 

Chili  Station,  380  feet  east  of;  bronze  tablet,  set  in 
south  end  of  old  culvert  abutment  at  southwest 
corner  of  flagman's  shanty,  south  side  of  main  line 
N.  Y.  0.  &  H.  R.  R.  R.,  marked  "  561  Ft.  B  " 661.154 

Chili  station,  1.2  miles  south  of;  chiseled  square  on 
stone  abutment  northwest  comer  of  iron  bridge  over 
Black  creek  just  south  of  Buckbee's  Corners 534.99 

Chili  station,  2  miles  south  of;  chiseled  square  on  boul- 
der north  side  of  driveway  leading  into  barn  on  west 
side  of  road  150  feet  south  of  white  house 565 .  14 

Chili  station,  2J  miles  south  of,  and  IJ  miles  south  of 
Buckbee's  Comers;  bronze  tablet,  in.  foundation 
wall  under  southeast  comer  of  dwelling  house  of 
John  Groves,  on  west  side  of  road,  marked  "  559  Ft. 
B."  558.450 

CHURCHVILLE  TO  ADAMS  BASIN. 

Ch'urchville,  N.  Y.  O.  &  H.  B.  R.  R.  station ;  base  of 
rail  opposite  center,  of  building 567.5 
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Churchville,*^  mile  noriJi  of;  floor  of  iron  bridge  over 

Blaek  creek , 565.1 

Churchville,  top  of  rail,  West  Shore  Railroad  crossing .       568 . 6 

4 

Adamis  Basin,  eastern  doorsill  of  railroad  station 524.52 

Churchville,  Union  School  building;  bronze  tablet,  at 

right  side  of  main  entrance,  marked  "  615  Ft.  B." . .  614 .  612 
Churchville,  5f.  Y.  C.  &  H.  R.  R.  R.  station;  800  feet 

east  of;  west  abutment  N.  Y.  C.  &  H.  R.  R.  R.  bridge 

No.  721  (R.  R.  Co.'s  benchmark) 563.55 

South  Chili,  .7  mile  west  of,  on  road  to  Riga  Center; 

red  mark  on  rock  at  road  intersection 607. 

OATTERAUaUS  COUNTY. 

Salamanca  Quadrangle. 

The  elevations  published  in  the  following  lists  are  based  on  a 
bronze  tablet,  set  in  brick  school  house  No.  4,  on  Maple  street, 
Salamanca,  and  marked  "  U.  S.  Geological  Survey.  B.  N.  Ele- 
vation above  sea,  1396  Ft.  Datum  S."  The  elevation  of  this 
benchmark  above  mean  sea  level  is  based  on  the  top  of 
rail  in  front  of  the  center  of  W.  N.  Y.  &  P.  R.  R.  station 
in  Olean  and  is  the  same  as  that  accepted  for  the  leveling  in  this 
region  done  during  the  previous  field  season,  and  is  1,434.143 
feet,  the  datum  being  changed  from  Olean  to  Salamanca  because 
of  a  difference  of  nearly  two  feet  which  was  discovered  at  the 
close  of  the  previous  field  season  and  in  consequence  of  which 
the  adjacent  benchmarks  placed  during  that  season  are  marked 
2  feet  higher  than  thdr  accepted  and  published  elevations,  and 
the  elevations  of  the  bench-marks  established  during  the  last 
season.  The  leveling  was  done  under  the  general  direction  of 
Mr.  J.  H.  Jennings,  topographer,  by  Mr.  E.  L.  McNair,  levelman. 
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Olban,  via  Allegany  and  Vandalia  to  Carrolton. 

Olean,  public  school  No.  2  (brick  structure)  on  south 
side  of  State  street;  chiseled  square  on  northwest 
corner  of  stone  step  at  entrance 1,431.16 

Olean  city  building,  2.16  miles  northwest  of;  chiseled 
square  on  south  end  of  stone  culvert,  east  side,  over 
small  stream ; 1,420.92 

St.  Bonaventure  College,  i  mile  west  of;  chiseled 
square  on  boulder  at  southwest  corner  of  intersec- 
tion of  roads 1,429.18 

Allegany,  iron  bridge  over  Five  Mile  creek;  chiseled 

square  on  foundation  abutment 1,416.12 

Allegany,  1^  miles  west  of;  bronze  tablet,  in  next  to 

I 

top  step  at  south  end  and  west  side  of  stone  arch 
culvert  under  Erie  Railway,  marked  "  1415  Ft.  S  ". .     1,414.570 
Allegany,  2^  miles  west  of;  chiseled  square  north  end 
of  small  stone  culvert  under  highway 1,413.28 

m 

Allegany,  3.5  miles  west  of;  chiseled  square  on  flat 
stone  under  northwest  corner  of  wood  colored  barn 
near  road  on  south  side 1,483.97 

Vandalia  station,  iron  highway  bridge  near;  chiseled 

square  on  stone  abutment  at  southeast  corner 1,407.51 

Vandalia,  1.1  miles  west  of;  chiseled  square  on  small 
boulder  at  north  side  of  plank  bridge  about  5  feet 
west  of  watering  trough  and  30  feet  south  of  spring.     1,437.26 

Vandalia,  2.7  miles  west  of;  chiseled  square  on  large 
flat  slab  in  slanting  position  on  north  side  of  road 
between  telephone  poles  No.  6,442  and  6,443 1,433.33 

Vandalia,  3.5  miles  west  of;  chiseled  square  on  large 
boulder  north  side  of  road  about  125  feet  west  of 
road  south  to  Limestone  and  Bradford 1,407.67  * 
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SoxjTH  Vandalia  Southward  through  Chipmunk  Oil  Fibldb. 

South  Vandalia  station,  i  mile  south  of;  chiseled 
square  on  large  flat  stone  in  front  yard  of  white 
farm  house  west  side  of  road 1,410  30 

Bouth  Vandalia  station,  2.7  miles  south  of;  chiseled 
square  on  boulder  in  ditch  on  west  side  of  road 
nearly  opposite  schoolhouse 1,451.86 

South  Vandalia  station,  3  miles  south  of;  copper  bolt 
in  boulder  2  feet  outside  fence  on  west  side  road, 
55  feet  south  of  road  east  and  140  feet  north  of 
N.  Kelly's  white  house  on  west  side  of  road,  bolt  is 
marked  "  1529  Ft.  S.'' 1,528.794 

Knapps  Creek,  top  of  rail  in  front  of  electric  rail- 
road station  2,346.8 

Carbolton  via  Limbstonb  to  State  Line  New  York  and 

Pennsylvania. 

Carrolton,  f  mile  east  of;  chiseled  square  on  large 
boulder  west  side  of  road  about  25  feet  from  north- 
west corner  of  iron  bridge  over  slough 1,392.68 

Carrolton,  2  miles  south  of;  iron  highway  bridge 
crossing  Allegany  river,  chiseled  square  on  bridge 
abutment  about  8  feet  from  southwest  comer 1,401.83 

Allegany  river  iron  highway  bridge,  .83  mile  south 
of,  and  4  miles  north  of  Limestone;  copper  bolt,  in 
large  boulder  nearly  buried  in  ground  on  west  side 
.  of  road  between  it  and  ditch,  pole  bars  answering 
pasture  fields  on  each  side  of  road;  bolt  marked 
"  1410  Ft.  S." 1,410.368 

Limestone,  3  miles  north  of  and  75  feet  west  of  road 
going  up  Rice  creek;  chiseled  square  on  boulder  in 
ploughed  field  east  side  of  road 1,405.01 
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Carrolton,  2.86  miles  northwest  of;  chiseled  square  on 
pock  at  northwest  corner  of  small  wooden  bridge 
near  road  from  northeast 1,394.44 

Carrolton,  3.92  miles  northwest  of;  chiseled  square  on 
rock  at  north  end  of  stone  bridge  or  culvert  in  high- 
way       1,393.68 

Kill  Buck,  chiseled  square  on  rock  at  northwest 
comer  of  road  intersection  near  telephone  pole 1,428.03 

Kill  Buck,  1.25  miles  west  of;  chiseled  square  on  rock 
south  side  of  road  next  to  footwalk,  opposite  small 
white  house  south  of  road 1,415.10 

Salamanca,  nearly  opposite  Main  street;  chiseled 
square  on  small  stone  east  side  of  crosswalk  in  road .     1,423.82 

Salamanca  to  Bed  House. 

Salamanca,  opposite  First  National  Bank;  chiseled 
square  on  corner  of  curbstone  one  foot  from  tele- 
phone pole 1,387.88 

Salamanca,  Maple  street;  brick  schoolhouse  No.  4;  . 
bronze  tablet,  in  water  table  at  west  side  of  front 
entrance,  marked  "  1396  Ft.  S  " 1,396,130 

West  Salamanca,  near  iron  highway  bridge  across  Al- 
legany river;  chiseled  square  on  stone  horse  block  on 
west  side  of  road  in  front  of  square  white  house 1,381.82 

West  Salamanca,  top  of  rail  N.  Y.,  P.  &  O.  B.  B.,  oppo- 
site station 1,376.2 

West  Salamanca,  7  miles  north  of;  floor  of  iron  bridge 
across  Little  Valley  creek 1,397.4 

West  Salamanca,  1  mile  north  of;  top  of  rail  at  cross- 
ing of  Erie  railroad 1,404.4 

West  Salamanca,  3.3  miles  north  of;  floor  of  iron 
bridge  over  Little  Valley  creek. 1,481.6 
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West  Salamanca,  3.7  miles  north  of;  floor  of  iron 
bridge  over  Little  Valley  creek 1^495.2 

Little  Valley  Centre,  .4  mile  north  of;  floor  of  iron 
bridge  over  Little  Valley  creek 1,481.6 

Little  Valley  Centre,  2.4  miles  north  of;  floor  of  iron 

bridge  over  Little  Valley  creek 1,538.4 

Salamanca,  2 . 5  miles  west  of ;  chiseled  square  on  high- 
est point  of  irregularly  shaped  boulder  just  opposite 
small  wood  colored  house  south  of  road 1,377.89 

Salamanca,  3.5  miles  west  of;  wire  nail  in  root  of  elm 
tree  west  of  road,  opposite  church  on  east  side  of 
road 1,371.04 

Bed  House,  3.5  miles  north  of;  tack  in  root  of  maple 
tree  on  west  side  of  road,  15  feet  south  of  another 
maple  and  75  feet  north  of  small  wooden  bridge 1,367.83 

Red  House,  2.6  miles  north  of;  chiseled  square  on  small 
flat  rock  beside  gate  post  in  front  of  small  white 
house  on  east  side  of  road  occupied  by  Indian  family. 
Biver  bank  close  to  west  side  of  road 1,357.57 

Bed  House,  large  iron  highway  bridge  across  Allegany 
river,  chiseled  square  on  lower  step  of  bridge  abut- 
ment at  northeast  corner 1,348.65 

Bed  House,  W.  N.  Y.  &  P.  R.  R.,  top  of  rail  opposite 

station ,1,350.5 

Bed  House,  3  miles  east  of,  toward  Halls;  floor  of  small 

^wooden  bridge  near  cross  roads 1,404.8 

Bed  House,  4.3  miles  6ast  of,  toward  Halls;  floor  of  iron 

bridge  over  Red  House  creek 1,456.1 

Bed  House,  5.9  miles  southeast  of,  on  road  to  Halls; 
bolt  southwest  corner  of  iron  bridge  over  Red  House 
creek 1,566.5    , 
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Kill  Buck  to  Great  Valley. 

EjU  Bncky  .93  mile  north  of;  chiseled  square  on  small 
flat  stone  in  center  of  gateway  in  front  of  weather 
stained  house  on  east  side  of  road  at  forks  of  road. . .     1,402.26 

Kill  Buck,  2  miles  north  of;  chiseled  square  in  front  of 
large  flat  stone  doorstep  in  front  of  front  door  of 
l^-story  house  on  north  side  of  road  and  about  200 
feet  north  of  iron  bridge  over  Great  Valley  creek. . .     1,428.65 

Kill  Buck,  3.15  miles  north  of;  chiseled  square  on  stone 
abutment  at  southeast  corner  of  iron  bridge  across 
Great  Valley  creek 1,435.70 

Kill  Buck,  3.9  miles  north  of;  copper  bolt  in  stone 
abutment  at  southwest  corner  of  iron  bridge  across 
Wright's  creek  about  J  mile  above  its  junction  with 
Great  Valley  creek;  bolt  is  marked  "  1,456  Pt 
6  " 1,456.578 

Great  Valley,  iron  bridge  across  Great  Valley  creek; 
bridge  abutment  at  northeast  corner 1,469.14 

Great  Valley,  1.7  miles  north  of  and  3  miles  south  of 
Ellicottville;  chiseled  square  on  foundation  stone 
under  post  14  feet  south  of  northeast  corner  of 
O.  B.  Potter's  barn;  a  road  crosses  B.  B.  &  P.  By. 
and  creek  between  barn  and  house 1,521.01 

Great  Valley  to  Humphrey. 

Great  Valley,  1.3  miles  south  of;  chiseled  square  on 
stone  horse  block  north  of  road  in  front  of  yellow 
house 1,523.99 

Great  Valley,  2.52  miles  southeast  of;  chiseled  square 
on  stone  abutment  northwest  corner  of  iron  bridge 
across  Wright's  creek,  near  a  white  church 1,518.26 
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Humphrey,  2.7  miles  west  of;  chiseled  square  on  north 
end  of  stone  masonry  around  end  of  sewer  pipe  cul- 
vert under  highway 1,533.35 

Humphrey,  1.7  miles  west  of;  chiseled  square  on  stone 
abutment  4  feet  from  southeast  comer  of  iron 
bridge  across  Wright's  creek ,    1,553.63 

Humphrey,  1  mile  west  of;  chiseled  square  on  boulder 
at  southeast  corner  of  small  wooden  bridge  on  north 
and  south  road  and  about  75  feet  south  of  the  road 
running  east  and  west  to  Humphrey. 1,581.34 

Humphrey,  W.  J.  Sherman's  hotel ;  copper  bolt  in  stone 
doorstep  in  front  of  porch,  west  side,  marked  "1,626 
Ft.;tS" ! 1,626.099 

Humphrey,  .3  mile  northeast  of;  floor  of  wooden 
bridge 1,626.3 

Humphrey,  .9  mile  northeast  of;  floor  of  wooden 
bridge 1,625.4 

Humphrey,  1.8  miles  north  of;  floor  of  small  wooden 
bridge  near  unpainted  house 1,674.9 

Humphrey  Center,  1  mile  northeast  of;  floor  of  small 
bridge 1,732.0 

Humphrey  to  Allegany. 

Humphrey,  1.5  miles  southwest  of;  chiseled  square 
on  large  boulder  north  side  of  road  opposite  water- 
ing trough  and  east  of  road  going  south 1,657.81 

Humphrey,  2.1  miles  south  of;  chiseled  square  on  rock 
on  north  side  of  road  beside  sluiceway  crossing  road 
in  front  of  white  house  on  south  side  of  road 1,903,32 

Humphrey,  2.5  miles  south  of;  chiseled  square  on 
small  boulder  on  east  side  of  road  just  south  of  sum- 
imit  and  20  feet  north  of  telegraph  pole 2,187.04 
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Humphrey,  3.3  miles  south  of;  chiseled  square  on 
boulder  projecting  from  bank  on  south  side  of  road 
nearly  in  front  of  wood  colored  house 1,983.37 

Allegany,  6.5  miles  north  of;  chiseled  square  on  large 
boulder  under  butternut  tree  about  50  feet  below 
bridge  over  stream  and  on  lowest  ^ide  of  road 1,720.23 

Allegany,  5.4  miles  north  of;  iron  bolt  in  top  of  stone 
hitching  post  in  front  of  white  house  on  east  side 
of  road 1,556.67 

Allegany,  4.6  miles  north  of;  chiseled  square  on  large 
boulder  on  west  side  of  road  near  large  white  house 
on  same  side  of  road  and  200  feet  back  from  road, 
and  opposite  wood  colored  barns  at  bend  in  road. .     1,653.31 

Allegany,  3.8  miles  north  of;  chiseled  square  on  stone 
horse  block  in  front  of  white  house  with  green 
blinds  on  east  side  of  road 1,515.36 

Allegany,  3.3  miles  north  of;  chiseled  square  on  stone 
horse  block  in  front  of  white  house  with  brown 
blinds  on  west  side  of  road 1,517.42 

Allegany,  2.5  miles  north  of;  chiseled  square  on  top  of 
small  boulder  at  south  end  of  sluice  box  under 
highway  at  southwest  corner  of  intersection  of 
roads 1,482.90 

Allegany,  .9  mile  north  of;  chiseled  square  on  step- 
ping stone  between  two  stone  posts  in  front  of 
square  wood  colored  house  on  west  side  of  road 1,437.49 

Onondaga,  Madison  and  Cortland  Counties. 

Cazenovia  and  Tully  Quadrangles. 

The  elevations  in  the  following  list  are  based  on  a  copper  bolt, 
which  is  Erie  canal  benchmark  No.  82,  and  is  set  in  the  southwest 
corner  of  the  stairway  landing  pier  of  the  west  towpath  stairs  of 
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the  Greddes  street  bridge  in  Syracuse,  The  elevation  of  this 
benchmark  is  accepted  as  405.772  feet  above  mean  sea  level  as  re- 
duced from  the  latest  information  relative  to  precise  and  State 
canal  levels.  The  elevations  stami)ed  on  the  benchmarks  of  this 
season  are  about  2  feet  lower  than  the  stamping  on  adjacent 
benchmarks  of  the  work  done  during  the  previous  season,  owing 
to  corrections  in  datum  as  brought  through  by  precise  levels 
from  Sandy  Hook.  The  elevations  stamx)ed  during  the  past  sea- 
son,  however,  agree  with  the  published  elevations  of  the  previous 
season,  as  well  as  with  those  published  herewith.  The  leveling 
was  done  under  the  general  direction  of  Messrs.  W.  M.  Beaman, 
C.  C.  Bassett  and  A.  M.  Walker,  topographers,  by  Mr.  Clark 
Brown,  levelman. 

Syracuse  to  Summit  via  Onondaga  Valley,  Cardiff  and  Tully. 

Syracuse,  Geddes  street  bridge;  Erie  canal  benchmark 
No.  82,  copper  plug  at  southwest  comer  of  stairway 
landing,  pier  at  foot  of  West  towpath  stairs 405.772 

Syracuse,  Grand  avenue  and  Geddes  street;  top  of  fire 
hydrant 405.13 

Syracuse,  D.,  L.  &  W.  By.  station;  top  of  rail 388.81 

Syracuse,  Onondaga  avenue,  east  side  of  and  200  feet 

south  of  Leven worth  fountain;  top  of  fire  hydrant. .        405.59 

Syracuse,  West  Oolvin  street  bridge  over  Onondaga 
creek;  north  end  of  west  abutment,  northwest  cor- 
ner of  top  stone;  ^uare  chiseled  mark 405.06 

Syracuse,  southwest  corner  of  West  CJolvin  and  South 

Salina  streets;  top  of  fire  hydrant 418.23 

Syraicuse,  northeast  comer  of  South  Salina  street  and 

Matson  avenue;  chiseled  cross  on  stone  monument.       417.83 

10 
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East  Onondaga;  copper  bolt,  set  in  coping  of  north- 
west wing  of  bridge  over  Onondaga  creek,  marked 
''  U.  S.  G.  S.  S  422  Ft  B.  M." 421.649 

East  Onondaga,  1.1  miles  south  of;  chiseled  square  on 
center  of  east  coping,  highway  culvert 436.61 

Onondaga  Castle,  i  mile  north  of;  nail  in  root  of  ma- 
ple tree  18  inches  in  diameter,  southeast  comer  of    ' 
road  to  east 469.50 

Onondaga  Castle,  30  feet  north  of  hotel,  30  feet  east  of 
road;  chiseled  square  on  well  curb 519.34 

Onondaga  Castle,  i  mile  south  of;  base  of  one-chinmey 
house,  east  of  road,  middlle  of  hill  descending  south.       484. 

Onondaga  Indian  village,  opposite  6-mile  poet;  nail 
in  root  of  3-foat  sycamore  tree  40  feet  south  of  brook 
by  west  road  fence 447.64 

Onondaga  Indian  village,  600  feet  south  of  road  lead- 
ing to  west  in  north  end  of  village;  benchmark  on 
basswood  tree  3  feet  in  diameter 453.164 

Castle  creek,  iron  bridge;  top  of  southwest  anchor 
bolt 468.70 

Onondaga  Indian  village,  ^  mile  south  of  road  leading 
to  South  Onondaga,  900  feet  south  of  cemetery  and 
40  feet  south  of  small  brook;  copi)er  bolt,  in 
boulder,  3  feet  from  west  road  fence,  and  marked 
"  U.  S.  G.  S.  S.  469  Ft.  B.  M.". 468.196 

Eight-mile  post, 2,500  feet  south  of,  on  top  of  small  hill; 
chiseled  square  on  north  edge  of  rim  of  casing  of 
water-pipe  valve,  12  feet  inside  of  west  road  fence. .        510.08 

Nine-mile  post,  20  feet  south  of,  east  side  of  road; 
root  of  elm  tree  2i  inches  in  diameter 489.76 
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Solvay  water  tank,  weBt  side  of  road,  opjKwite  tank; 
chiseled  square  on  north  side  of  rim  of  val vo  easing .        567.04 

Ten-mile  post,  10  feet  north  of,  on  eaet  side  of  road; 
chiseled  square  on  boulder  3  feet  broad 590.54 

Ten-mile  post,  J  mile  south  of,  300  feet  north  of  white 
house,  east  side  of  road);  chisded  square  on  east 
edge  of  rim,  point  of  valve  case  of  Solvay  water  pipe .       613.82 

Oardiff,  i  male  east  of  road,  back  of  hotel,  75  feet  south 
of  brook;  boulder  6  feet  broad  and  2  feet  high;  cop- 
per bolt,  marked  "  U.  S.  G.  S.  S  676  Ft.  B.  M." 675.652 

Cardiff,  250  feet  north  of  cemetery,  on  east  side  of 
road;  nail  in  top  of  stump  between  road  and  side- 
walk        604.44 

Oardiff,  1  mile  souith  of,  400  feeit  south  of  Sulphur 
Well  Brook  bridge,  and  afiout  100  feet  south  of 
bourse;  chiseled]  square  on  outcrop  5  feet  west  of 
road 574.15. 

TuUy  Valley,  .3  mile  north  of  cross-roads,  25  feet  south 
of  bridge;  nail  in  root  of  elm  tree  by  west  road 
fence 568.29' 

Tully  Valley,  40  feet  north  of  cross-roads;  nail  in  root 
of  maple  tree  by  east  road  fen-ce 604.79 

Salt  Wells,  first  sumanit  in  road  north  of;  chiseled 
square  on  south  side  of  rim  of  casing  of  water-pipe 
valve 637.64 

Tully  valley,  50  feet  north  of  schoolhouse,  10  feet  east 
of  road;  chiseled  square  on  boulder 648.50* 

Tully  valley,  south  end  of;  benchmark  on  fire  hydrant, 
opposite  white  bam,  east  of  road,  40  feet  south  of 
first  telegraph  pole 740.08 
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Tully  valley,  south  end  of,  700  feet  north  of  road  west 
to  Vesper,  500  feet  south  of  curve  in  road,  on  boul- 
der  in  southwest  corner  of  barnyard,  west  side  of 
road,  copper  bolt,  marked  "  U.  S.  Q.  S.  S  819  Pt. 
B.  M." 819.047 

Tully  hillside,  20  feet  northeast  of  first  house  on  west 
side  of  road  south  of  salt  derricks;  boulder  6  feet 
broad,  chiseled  square 962.62 

Tully  hill,  100  feet  south  of  house  at  top  of;  nail  in 

root  of  15-inch  elm  tree  by  east  road  fence 1,266.40 

Tully  center,  300  feet  east  of  crossroads;  nail  in  stump 

14  inches  in  diameter,  south  of  road  in  front  of  barn.     1,252.36 

Tully,  200  feet  north  of  Hotel  Slayton;  in  water  table 
of  brick  house  on  west  side  of  road,  at  southeast 
corner,  front  of  house,  crossmark  on  bronze  tablet, 
marked  "  1251  S  " " 1,251.092 

Tully,  east  side  of  road  leading  north  opposite  Hotel 

Slayton,  fire  hydrant  near  crossroads 1,247.46 

Tully,  f  mile  east  of,  125  east  of  road  south;  nail 
south  side  of  large  maple  tree  inside  of  fence  on 
south  side  of  road 1,298.86 

Summit  to  Jambsvillb  via  Onativia. 

Summit,  J  mile  north  of;  nail  in  top  of  pine  stump 
700  feet  north  of  road  to  north,  east  of  five  pine 
trees  in  row  north  side  of  road 1,289.26 

Summit,  J  mile  north  of;  chiseled  square  in  fiat 
boulder  10  feet  east  of  road,  10  feet  north  of  school- 
house 1,273.26 

Summit,  1  mile  north  of  on  road  to  Syracuse,  500  feet 
north  of  white  house  on  west  side  of  road,  125  feet 
north  of  road  summit;  copper  bolt,  in  boulder, 
marked  "  U.  S.  G.  S.  1292  Ft.  S  B.  M." . . .' 1,291.904 


State  Engineer  and  Surveyor.  Wft 

Onativia,  If  miles  sonth  of;  face  corner  of  parapet, 
west  end,  north  abutment,  20  foot  span  farm  bridge.    1,088.42 

Ontativia,  engine  water  column  at  railway  station; 
top  of  anchor  bolt  in  northwest  corner  of  base  plate       991.68 

Jamesville,  5i  miles  south  of,  200  feet  north  of  post 
marked  "  12  M  to  Syracuse,"  opposite  sawmill;  face 
corner,  north  end  of  retaining  wall  to  railroad  em- 
bankment         882.17 

Jamesville,  2  miles  south  of;  20  foot  span  cattle  pass 
north  abutment,  east  end,  face  corner  of  parapet 
400  feet  north  of  road  crossing  D.  L.  &  W.  Ry 708.27 

Jamesville,  |  mile  south  of  at  east  end  of  reservoir  • 
dam,  in  coping;  crossmark  on  bronze  tablet  marked 
«  S  645  " 644.98a 

Summit  to  Delphi  via  Apulia  and  Fabius. 

Apulia,  300  feet  west  of  schoolhouse,  60  feet  west  of 
dwelling,  15  feet  from  north  road  fence,  10  feet 
from  wagon. track;  chiseled  square  on  boulder 1,294.13 

Apulia,  i  mile  east  of;  northeast  corner  of  road  to 
northeast,  second  maple  tree,  15  inches  in  diameter, 
nail  in  root 1,302.93 

Apulia,  1  mile  east  of;  ^  mile  east  of  cemetery  and 
150  feet  west  of  house;  chiseled  square  on  boulder 
in  north  road  fence 1,294.04 

Fabius,  1  mile  west  of,  50  feet  west  of  summit,  20 
feet  south  of  road;  nail  in  root  of  18-inch  basswood 
tree 1,347.50 

Fabius,  f  mile  west  of;  southeast  corner  of  cross- 
roads; chiseled  square  on  large  boulder  75  feet 
from  intersection 1,302.16 
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Fabius,  i  mile  north  of;  highest  point  of  flange  on 
upstream  end  of  tile  culvert 1,248.74 

Fabius,  100  feet  west  of  crossroads.  Main  and  Ceme- 
tery streets,  in  wall  under  west  window  of  flat- 
roofed  frame  house;  crossmark  on  bronze  tablet, 
marked  "  1284  S  " 1,284.036 

Delphi,  2  miles  west  of;  block  school  25  feet  west  of 
crossroads,  5  feet  south  of  road;  chiseled  square  on 
flat  boulder 1,397.269 

Delphi,  100  feet  west  of  Main  street,  5  feet  north  of 
East  and  West  street,  in  edge  of  turn  around  north- 
west of* quadrant;  chiseled  square  on  boulder 945.086 

Delphi  to  Jamesvillb,  via  Oean  and  Manlius. 

Delphi,  3  miles  north  of  ,  at  crossroads,  at  east  side 
of  Limestone  creek  valley;  nail  of  maple  tree  north- 
east corner  of  road  intersection 806.26 

Oran,  IJ  miles  southeast  of,  and  IJ  miles  southeast 
of  railroad  crossing  of  Cherry  Valley  turnpike;  500 
feet  northwest  of  rock  cut;  chiseled  square  on 
north  coping  of  cattle  pass 1,091.52 

*Oran,  1  mile  southeast  of,  about  300  feet  south  of  fork 
of  road  opposite  long  red  barn;  notched  root,  west 
side  of  15-inch  maple  tree  on  west  edge  of  road 889.66 

•Oran,  300  feet  west  of  church,  20  feet  north  of  road,  in 
prominent  boulder;  copper  bolt,  marked  "U.  S.  G. 
S.  S  793  Ft.  B.  M." : 793.148 

Buellville,  400  feet  northwest  of  schoolhouse;  15  feet 

north  of  road;  chiseled  square  on  boulder 761.16 

Manlius,    northeast    corner    Seneca    and    Franklin 

streets;  top  of  fire  hydrant 601.99 
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Manlios,  on  road  to  Fayetteville,  50  feet  sonth  of  fork 
of  road  to  High  bridge;  fire  hydrant 600.10 

HanlinSy  1^  miles  northwest    of,  at    High    Bridge; 
double  arch  bridge  over  Limestone  creek,  in  coping 
5  feet  from  end  of   southwest   wing,  copper  bolt, 
"  U.  S.  G.  S.  S  507  Ft.  B.  M." 507.027 

Jamesville,  near  Dunlap  Mills;  fire  hydrant  100  feet 
west  of  bridge  and  20  feet  south  of  road 548.74 

Jamesville,  1  mile  northwest  of;  boulder  6  feet  south 
of  railroad  track  at  overhead  crossing,  30  feet  east 
of  highway  bridge;  chiseled  square 586.90 

FAYBTTEVILLEf  TO  ErIB  CaNAL. 

Fayetteville,  100  feet  west  of  Limestone  creek  bridge; 
southwest  corner  of  streets,  fire  hydrant 437.33 

Erie  canal,  Limestone  creek  aqueduct;  southwest  cop- 
ing parapet  on  west  wing,  towpath  side  (canal 
bench-mark  No.  70);  copper  plug 433.666 

Fabius  to  Cutler,  via  Kbbnbts'  Settlement. 

Fabins,  f  mile  south  of;  175  feet  north  of  road  to 
west;  chiseled  square  on  boulder  east  side  of  road. .     1,256.93 

Fabius,  IJ  miles  south  of;  nail  in  root  of  basswood 
tree  west  side  of  road  opposite  house 1,252.47 

Fabius,  1|  miles  south  of;  iron  bridge,  east  end,  south 
abutment  chiseled  square 1,229.18 

Keeneys  Settlement,  i  mile  north  of;  300  feet  north 
of  house,  flat  boulder,  5  feet  broad,  10  feet  west  of 
road,  chiseled  square 1,225.61 

Keeneys  Settlement,  500  feet  east  of  schoolhouse;  iron 
bridge,  top  stone  northeast  wing;  chiseled  square. .     1,208.72 


• 
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Cuyler,  about  2  miles  north  of,  in  front  of  1^  story 
white  house  on  east  side  of  road;  nail  in  top  of  large 
pine  stump  20  feet  south  of  large  pine  tree 1,215.55 

Cuyler,  1^  miles  north  of;  600  feet  north  of  yellow 
barn  on  west  side  of  road;  nail  in  root  of  large 
crooked  triple  trunk  elm  tree,  2J  feet  in  diameter 
on  west  side  of  road 1,200.2^ 

Cuyler,  1  mile  northeast  of,  chiseled  square  near  end 
of  northeast  wing  or  iron  bridge  over  Tioughnioga 
creek 1,205.75 

Cuyler  to  Deruytbr  Reservoir,  via  Dbruytbr. 

Cuyler,  i  mile  east  of;  500  feet  east  of  north  and  south 
road,  4  feet  south  of  Lehigh  Valley  Railroad  track; 
copper  bolt,  in  boulder,  marked  "  U.  S.  G.  S.  1256 
Ft.  S.  B.  M." 1,256.750 

Cuyler,  J  mile  south  of,  500  feet  east  of  north  and 
south  road,  4  feet  south  of  Lehigh  Valley  Railroad 
track,  in  same  boulder  as  described  in  last  above, 
railroad  bench-mark  No.  86'",  iron  bolt 1,256.95 

Cuyler,  2  miles  northeast  of,  300  feet  west  of  trestle, 
600  feet  west  of  schoolhouse,  20  feet  north  of  rail- 
road track;  railroad  spike  driven  in  side  of  18  inch 
maple  stump 1,305.9$ 

Deruyter,  If  miles  west  of;  i  mile  east  of  schoolhouse 
100  feet  north  of  railroad  crossing,  20  feet  north  of 
farm  crossing;  railroad  spike  driven  in  root  of 
maple  tree  2  feet  in  diameter  (Railroad  bench-mark 
No.  88') 1,306.80 

Deruyter,  foundation  of  water  tank;  iron  bolt  set  in 
coping  side  next  to  railroad  track 1,284.1T 
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Deruyter,  i  mile  north  of;  intersection  of  Fabius  and 
Cazenovia  roads;  nail  in  root  of  maple  tree  2 J  feet 
in  diameter  in  fork  of  road 1,289.45 

Dernyter,  1^  miles  north  of;  20  feet  south  of  iron 
bridge,  on  west  side  of  road;  limestone  boulder 
marked  with  chiseled  square 1,329.83 

Demyter,  2  miles  north  of;  iron  bridge  on  road  to 
reservoir,  east  end,  south  abutment,  chiseled  square 
on  corner  1^  feet  below  bridge  seat 1,304.70 

Deruyter,  2}  miles  north  of;  iron  bridge  Qver  feeder 
to  Deruyter  reservoir,  southeast  wing,  south  comer; 
chiseled  square 1,317.94 

Deruyter  reservoir  dam,  west  end  of  dam,  south  para- 
pet of  spillway  arch,  east  end,  face  comer  of  coping; 
copper  bolt  marked  ''  1286  Ft.  S." 1,286.088 

Dbruttbr  to  Eribville,  via  Sheas  Corner  and 

Georgetown. 

Dernyter,  2^  miles  north  of;  railroad  bench-mark  No. 
92,  i  mile  east  of  Reservoir  road,  opposite  old  saw- 
mill, railroad  culvert,  south  parapet;  iron  bolt  set 
in  lead   1,318.59 

^heds  Comer  Station,  1  mile  south  of,  1  mile  east  of 
Reservoir  road,  700  feet  east  of  road  crossing,  200 
feet  west  of  short  deep  cut;  railroad  spike  in  root 
of  large  elm  on  south  bank  of  creek 1,334.35 

Sheds  Comer  Station,  railroad  bench-mark  No.  94, 
600  feet  south  of  Tioughnioga  creek  railroad  bridge, 
north  abutment,  west  end,  parapet;  iron  bolt  set  in 
cement 1,385.55 
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Sheds  Corner  Station,  600  feet  south  of;  railroad 
bridge  over  Tionghnioga  creek;  bridge  seat,  west 
end,  south  abutment;  copper  bolt,  marked  "  U.  S. 
G.  S.  1383  Ft.  S.  B.M." , .     1,383.8ft 

Sheds  Corner,  iron  bridge  near  church,  nail  in  top  of 
12  inch  pile  at  east  end  of  north  abutment 1,414.34 

Sheds  Comer,  1  mile  southeast  of;  northwest  corner 
of  road  west;  nail  in  root  of  maple  tree  3 J  feet  in 
diameter 1,476.8& 

Sheds  Corner,  If  miles  southeast  of;  northeast  corner 
of  road  east;  nail  in  root  of  elm  tree  2^  feet  in  dia- 
meter       1,538.69* 

Tioughnioga  creek,  J  mile  southeast  of;  wild  black 
cherry  tree  50  feet  from  fork  of  road  in  angle;  nail 
in  notched  root 1,609.15 

Georgetown,  2  miles  northwest  of,  opposite  sawmill; 
nail  in  root  of  cherry  tree  2J  feet  in  diameter,  10 
feet  east  of  road 1,592.76 

Georgetown,  1^  miles  northwest  of  on  road  to  Sheds 
Corners,  75  feet  north  of  road  to  Erieville,  20  feet 
north  of  brook,  15  feet  west  of  road,  4  feet  east  of 
road  fence,  iron  bench-mark  post  with  bronze  cap, 
marked  ''  S  1538'' 1,538.27ft 

Erieville,  3  miles  south  of,  and  1  mile  north  of  railroad, 
at  summit  of  hill ;  nail  in  root  north  side  of  maple 
tree  east  side  of  drive  to  house,  20  feet  north  of  road.    1,764.83 

Erieville,  li  miles  south  of;  500  feet  north  of  30  mile 
post,  nail  in  root  of  large  elm  tree  20  feet  west  of 
track 1,624.85 

Erieville,  railroad  bridge  over  road  south  of;  chiseled 
square  on  top  stone,  south  end,  west  abutment l,618.63i 
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Erieville,  railroad  culvert  at  station;  chiseled  square 
northeast  corner  of  coping  east  end 1,669.58 

Ebieyillb  to  Oran  via  Fbnnbr  and  Caze}Noyia. 

Erieville  reservoir  gatehouse,  6  feet  west  of  door;  cop- 
per bolt,  in  projection  of  bottom  course,  marked 
"  U  a  G.  G.  1473  Ft.  S.  B.  M." 1,473.647 

Erieville,  2  miles  north  of;  300  feet  southwest  of 
houses  and  south  of  three  large  elm  trees;  nail  in 

*    root  of  30  inch  elm  near  east  road  fence 1,447.95 

Nelson,  1^  miles  south  of;  notch  in  root  of  maple 
tree  20  feet  east  of  road,  opposite  northeast  corner 
of  cemetery  . 1,536.35 

Nelson,  |  mile  south  of;  north  of  summit,  chiseled 
square  on  boulder,  west  edge  of  road 1,541.90- 

Nelson,  500  feet  south  of  crossroads;  chiseled  square 
on  face  corner  of  bottom  stone,  east  end,  north  abut- 
ment of  bridge 1,431.78 

Nelson,  1  mile  north  of;  400  feet  north  of  road  to 
west,  opi)osite  barn  on  west  side  of  road;  boulder 
10  feet  east  of  road,  marked  with  chiseled  square. .     1,450.88 

Nelson,  1^  miles  north  of;  at  crossroads;  chiseled 
square  on  boulder  at  northeast  corner  of  road 1,433.67 

Fenner,  1  mile  south  of  and  1,000  feet  north  of  Peter- 
boro  turnpike,  150  feet  south  of  orchard,  75  feet 
west  of  road;  in  outcrop;  copper  bolt,  marked  "  U. 
S.  G.  S.  1,466  Ft.  S.  B.  M." 1,467.080 

Fenner,  1^  miles  south  of,  at  crossroads;  notched 
root  of  30-inch  elm  in  southwest  corner 1,466.94 

Oazenovia,  2|  miles  east  of;  southeast  corner  of  road 
to  fiK>utheast;  chiseled  square  on  boulder 1,403.50 
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Cazenoyia,  942  feet  south  of  L.  V.  R.  R.  depot;  railroad 
benchmark  No.  103;  iron  pin  in  northwest  comer  of 
north  abutment 1,187.18 

Cazenovia,  Chapel  building  of  seminary;  water  table 
under  pilaster  at  east  side  of  door,  south  entrance 
of  chapel ;  crossmark  on  bronze  tablet  marked  "  S 
1,246" 1,246.859 

Cazenovia,  West  Shore  railroad  pumping  station; 
foundation  of  water  tank,  north  pedestal  next  to 
track;  chiseled  square 1,196.46 

Cazenovia,  IJ  miles  northwest  of  West  Shore  railroad 
depot,  in  schoolhouse  grounds;  nail  in  root  of  3  foot 
elm  tree,  40  feet  south  of  school 1,328.39 

Cazenovia,  2  miles  northwest  of  West  Shore  railroad 
depot,  over  tunnel ;  highest  point  of  stone  monument 
40  feet  north  of  road 1,264.61 

Oneida,  Herkimer  and  Hamilton'  Ck>untiee. 

Remsbn,  Wilmurt,  Old  Forge  and  MoKeevbr  Quadrangles. 

The  elevations  published  in  the  following  list  are  based  on  a 
bronze  tablet  set  in  the  north  end  of  the  retaining  wall  between 
the  lower  mill  dam  and  the  Rome,  Watertown  and  Ogdensburg 
railroad  in  Remsen,  and  marked  "  U.  S.  Geological  Survey  B.  M. 
Elevation  above  sea,  1,172  feet.  Datum  R."  The  elevation  of  this 
benchmark  above  mean  sea  level  is  obtained  from  the  elevation, 
of  the  permanent  benchmark  established  at  South  Trenton  dur- 
ing the  preceding  field  season,  the  height  of  which  is  accepted  as 
804.368  feet  above  mean  sea  level,  as  reduced  in  accordance  with 
the  latest  information  through  precise  leveling  to  Albany  from 
Sandy  Hook  and  the  levels  of  the  State  canals.  In  accordance 
with  these  connections  the  elevation  of  the  Remsen  benchmark 
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is  accepted  as  1,171.873  feet  above  mean  sea  level.  The  datum 
was  changed  to  Remsen,  from  that  of  Utica,  accepted  for  adja- 
cent leveling  of  the  preceding  season,  because  the  benchiparks 
established  on  the  Utica  quadrangle  are  stamped  2  feet  higher 
than  those  established  during  this  season,  though  the  elevations 
of  these  Utica  benchmarks  were  published  in  accordance  with  the 
latest  corrections  and  on  the  same  datum  as  are  the  elevations 
published  herewith.  The  leveling  was  done  under  the  general 
direction  of  Messrs.  J.  H.  Jennings,  W.  H.  Lovell,  and  C.  C. 
Bassett,  topographers,  by  Messrs.  Clark  Brown  and  E.  L.  McNair, 
levelmen. 
Tbbnton  via  Prospect,  Hinckley,  North  wood  to  near  Wilmurt 

AND  thence  via  OhIO  TO  COLD  BrOOK. 

South  Trenton,  ^  mile  north  of;  chiseled  square  on 
boulder,  west  side  of  road  20  feet  south  of  large  elm 
tree 826.95 

Trenton,  .78  mile  south  of;  chiseled  square  on  stone 
step  in  front  of  porch  of  new  house  at  southwest  cor- 
ner  of  intersection  of  roads 796.01 

Trenton,  B.,  W.  &  O.  B.  B.  station;  water  table  .42 
feet  west  of  door  jamb,  south  door  of  waiting  room.         841.07 

Trenton,  .7  mile  north  of  station;  top  of  iron  bolt  in 
top  of  northernmost  of  two  stone  hitching  posts  25 
feet  apart  on  west  side  of  road  and  opposite  road 
turning  east 798.05 

Trenton,  1.1  miles  north  of  station;  iron  bolt  in  top 
of  easternmost  of  two  stone  hitching  posts  50  feet 
apart  north  side  of  street  on  road  to  Prospect 780.61 

Trenton,  2  miles  north  of  station;  chiseled  square  on 
east  end  of  stone  wall  in  front  of  white  house  on 
north  side  of  road 870.60 
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Prospect  station,  R.,  W.  &  O.  R.  R.  crossing  over  high- 
way JDst  north  of;  chiseled  square  on  lower  step  of 
south  abutment,  east  side 985.35 

Ppospfeot  station,  R.,  W.  &  O.  R.  R.,  .4  ndle  north  of; 
chiseled  square  on  granite  boulder  north  side  of 
road  340  feet  east  of  Mohawk  and  Malone  railroad 
crossing . .     1,086.76 

Prospect,  iron  bolt  in  top  of  stone  hitching  post  in 
front  of  post-oflSce  opposite  street  going  east  to 
Hinckley 1,188.47 

Prospect  post-office,  .22  mile  north  of;  copper  bolt  in 
large  boulder  3  feet  high,  12  feet  long  and  7  feet 
wide,  in  field  opposite  creamery  and  east  of  road; 
bolt  is  marked  "  1142  Ft.  R." 1,141.520 

Prospect,  .4  mile  east  of;  chiseled  square  on  boulder 
north  side  of  road  22  feet  from  comer  of  red  painted 
building  (pump  factory) 1,210.29 

Prospect,  1.3  miles  east  of;  chiseled  square  on  lower 
step,  in  line  of  stone  wall  in  front  of  white  house  on 
north  side  of  road 1,216.20 

Hinckley,  ^  mile  west  of  Empire  Hotel;  chiseled  square 
on  east  end  of  wall  of  stone  culvert,  north  side  of 
road 1,181.45 

Hinckley,  .6  mile  east  of  Empire  Hotel;  chiseled  square 
on  small  boulder  deeply  embedded  in  ground,  weet 
side  of  road  close  to  wagon  track 1,194.43 

Hinckley,  State  benoh-mark  west  of  road  painted  "  B. 

M.  No.  63  " 1,183.29 

Hinckley,  2  miles  north  of;  chiseled  square  on  small 
boulder,  east  side  of  road  close  to  two  maple  trees . .     1,254.77 
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Hinckley^  2.3  miles  northeast  af,  and  abant  1.1  miles 
west  of  Oneida-Herkimer  county  line,  in  Remsen 
torwnship;  copper  bolt  in  boulder  west  side  of  road 
in  pasture,  65  feet  from  road  center,  marked  '^  1262 
Ft.  R." 1,262.021 

Hinckley,  3.4  miles  northeast  of ;  nail  in  root  of  elm  tree 
beside  double  maple  tree  on  line  of  wire  fence  south 
side  of  road,  about  290  feet  west  of  Oneida-Herkimer 
county  line 1,248.68 

Northwood,  chiseled  square  on  stone  abutment  at 
northwest  comer  of  iron  bridge  over  stream  at  saw- 
mill       1,207.95 

Northwood,  .6  mile  east  of;  chiseled  square  on  boulder 
on  south  side  of  road  opposite  road  from  the  north 
and  in  front  of  an  old  abandoned  schoolhouse 1,228.89 

Northwood,  2.2  miles  east  of;  chiseled  square  on 
boulder  north  side  of  road  150  feet  east  of  old  aban- 
doned house 1,249.22 

Northwood,  2.8  miles  east  of;  copper  bolt  in  large 
boulder  7  feet  north  of  center  of  road  and  3,450  feet 
west  of  abandoned  house  south  of  road,  marked 
"  1258  Ft  R" 1,258.048 

Northwood,  3.7  miles  east  of;  chiseled  square  on  large 
boulder  sticking  out  of  bank  left  side  of  road  going 
south  and  fording  West  Canada  creek 1,239.68 

Northwood,  4.8  miles  east  of;  chiseled  square  on  large 
flat  boulder  15  feet  north  of  center  of  road  near  wire 
fence 1,264.87 

Northwood,  5.2  miles  east  of;  chiseled  point,  painted 
black,  and  marked  H^^^,  on  a  large  boulder  125  feet 
.  north  of  road  and  100  feet  west  of  small  house.   This 
is  a  0tate  bench-mark 1,289.43 
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Hubberd's  Hotel,  .18  mile  east  of;  State  bench-mark 
on  boulder  in  meadow  about  60  feet  south  of  road 
and  25  feet  east  of  a  fence;  chiseled  point,  painted 
and  marked  " E'"" 1^76.65 

Ohio,  3.3  miles  north  of ;  chiseled  circle  on  large  boulder 
5  feet  west  of  center  of  road 1,307.61 

Ohio,  2.4  miles  north  of;  chiseled  square  on  boulder  on 
west  side  of  road  in  front  of  a  blue  house  at  bend  in 
road  to  east 1,326.86 

Ohio,  1.7  miles  north  of;  nail  in  root  of  large  maple 
tree  75  feet  east  of  road  near  junction  with  road 
northwest  and  southeast 1,396.23 

Ohio,  750  feet  west  of  corner  near  church,  1,200  feet 
east  of  schoolhouse  and  80  feet  north  of  road,  in  field 
belonging  to  O.  Johnson;  copper  bolt,  marked  ^^  1374 
Ft.  R." 1,374.160 

Ohio,  private  burial  ground  opposite  schoolhouse;  top 
of  footstone  of  grave,  marked  D.  B.,  near  Boyoe 
monument 1,377.61 

Ohio,  1.1  miles  south  of;  chiseled  square  on  large  round 
boulder  west  of  road  225  feet  north  of  bridge  across 
small  stream. .  .^ 1^262.19 

Ohio,  2.6  miles  southwest  of;  chiseled  square  on  stone 
foundation  at  northeast  corner  of  iron  bridge  over 
Black  creek 1,236.47 

Gold  Brook,  3.4  miles  north  of;  and  3.6  miles  south  of 
Ohio;  copper  bolt  in  boulder  3  feet  outside  of  wire 
fence  on  west  side  of  road,  480  feet  south  of  road 
from  west  and  1  mile  south  of  crossing  of  Black 
creek,  in  Prussia  township;  bolt  is  marked  "1265 
Ft.  B." 1,265.028 
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Cold  Brook^  3.1  mileB  northeast  of;  chiseled  square  in 
small  boulder  2  feet  north  of  fence  in  field  on  north 
side  of  road  aboiut  125  feet  west  of  wood  colored 
house  on  the  north 1,401.92 

Cold  Brooky  2 A  miles  northeast  of;  chiseled  square  on 
small  boulder  in  sand  about  6  feet  west  of  west 
branch  of  road  which  follows  bottom  of  ravine 1,271.80 

Cold  Brook,  1.7  miles  northeast  of;  chiseled  square  on 
boulder,  at  southwest  corner  of  red  bridge  across 
Cold  Brook,  near  cheese  factory 1,067.38 

Cold  Brook,  1.3  miles  northeast  of;  chiseled  circle  in 
boulder  6  inches  above  ground  in  front  of  yellow 
house  on  west  side  of  road 1,004.26 

Cold  Brook,  .7  mile  northeast  of;  top  of  iron  ring  in 
stone  hitching  post,  northwest  side  of  road,  opposite 
blacksmith  shop 928.70 

From  near  Wilmurt,  via  Nobleboro,  to  Honnedaga  Lake. 

Mad  Toan  creek,  wooden  truss  bridge  over;  chiseled 
square  on  small  boulder  4  feet  from  northeast  corner 
of  bridge 1,297.28 

Wilmurt,  .7  mile  west  of  and  165  feet  east  of  Henry 
Pamirs  hotel;  top  of  bronze  tablet  in  large  Ijoulder 
70  feet  south  of  center  of  road^  in  pasture  marked 
«  1,402  Ft.  B." 1,401.577 

Wilmurt,  chiseled  square  on  bonlder  in  angle  at  three 
comers  opi)08ite  postofflce;  iron  bridge  across  West 
Canada  creek 1,393.80 

Wilmnrt,  8  mile  northeast  of;  State  benchmark  on 

large  boulder  in  meadow  250  feet  south  of  road; 

chiseled  point,  jxainted  black,  miarked  "  W." 1,385.35 

11 
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Wiknurt,  1.9  mile®  northeast  of;  nail  in  blazed  root  of 
large  maple  tree  north  side  of  road 1,437.46 

Nobleboro,  225  feet  east  of  hotel;  chiseled  square  on 
small  boulder  4  feet  from  fence  on  north  side  of  road.     1,418.99 

Nobleboro,  .4  mile  north  of;  State  benchmark  No.  2 
on  small  bonlder  at  top  of  hill  north  sidie  of  road; 
chiseled  point,  painted  black 1,512.25 

Nobleboro,  .6  mile  north  of;  State  benchmark  No.  3 
on  boulder  6  feet  east  of  road  and  40  feet  south  of 
small  wooden  bridge;  chiseled  point,  painted  black.     1,521.67 

Nobleboro,  1  mile  north  of;  State  benchmark  No.  4  on 
boulder  beside  miaple  tree  south  side  of  road  100  feet 
west  of  house  on  same  side  of  road;  chiseled  point, 
painted  black 1,543.26 

Nobleboro,  1.5  miles  north  of;  State  benchmark  No.  6 
on  boulder  west  of  road  and  40  feet  west  of  small 
wooden  bridge;  chisfeled  point,  painted  black 1,512.70 

Nobleboro,  2.4  miles  north  of;  State  benchmark  No.  9 
on  large  boulder  8  feet  south  of  center  of  road  and 
225  feet  west  of  Haskell  hotel;  chiseled  point  and 
painted  black 1,574.46 

Nobleboro,  2.64  miles  north  of;  State  benchmark  No. 

10  on  boulder  about  4  feet  to  right  of  road,  chiseled 

.  point  and  painted  black 1,591.68 

Nobleboro,  3.06  miles  north  of;  State  benchmark  No. 

11  on  large,  flat  ledge  at  left  of  roadway,  chiseled) 

point  and  painted  black 1,599.03 

Nobleboro,  3.51  miles  north  of;  chiseled  circle  on  large, 
flat  boulder  in  old  gravel  pit  on  right  of  road;  eleva- 
tion in  black  paint 1,685.19 
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Nobleboro,  3:97  miles  north  of;  chiseled  point  marked 

with  black  paint  on  boulder  west  of  road 1,794.039 

Nobleboro,  4.77  miles  north  of;  nail  in  beech  stump, 

marked  with  black  paint,  2  feet  east  of  wagon  track .     1,973.80 
Nobleboro,  5.27  miles  north  of;  large  granite  boulder 
10  feet  east  of  center  of  road  and  150  feet  east  of 
small  stream  in  deep  ravine  or  gulch;  chiseled  circle 

and  black  paint  mark 1,884.31 

Nobleboro,  5.85  nailes  north  of;   chiseled  square  and 
black  paint  mark  on  boulder  about  4  feet  west  of 

center  of  road 1,977.47 

Nobleboro,  6.57  miles  north  of;  boulder  7  feet  east  of 
center  of  road  in  upper  end  of  gravel  pit,  chiseled 

circle  and  black  paint 2,236.83 

Nobleboro,  7.31  miles  north  of;  chiseled  square  and 
black  paint  mark  on  large,  flat  boulder  in  old  gravel 

pit  on  west  of  road,  top  of  hill 2,507.38 

Nobleboro,  7.89  miles  north  of;  chiseled  circle  and 
black  paint  mark  on  boulder  25  feet  left  of  road  and 
about  50  feet  north  of  old  gravel  pit  partly  filled 

with  water , 2,493.60 

Honnedaga  lake,  2.68  miles  south  of;  chiseled  square 
and  black  paint  mark  on  boulder  9  feet  east  of  center 

of  road 2,524.19 

Honnedaga  lake,  2.12  miles  south  of;  chiseled  square 
and  black  paint  mark  6  feet  west  of  center  of  road 

and  5007eet  south  of  long  bridge 2,290.82 

Honnedaga  lake,  1.58  miles  south  of;  chiseled  square 
and  black  paint  mark  on  small  round  boulder  20  feet 
east  of  road 2,254.67 
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Honnedaga  lake,  1.35  miles  south  of;  chiseled  square 
and  black  paiiiit  mark  on  large  boulder  10  feet  east 
of  road 2,243.07 

Honnedaga  lake,  1.04  miles  south  of;  chiseled  square 
and' red  kiel  mark  on  large  boulder  5  feet  east  of  cen- 
ter of  road 2,205.79 

Honnedaga  lake,  Herkimer  landing;  copper  bolt  in 
very  large  boulder  about  35  feet  south  westerly  from 
corner  of  bam  and  about  325  feet  from  lake,  marked 
"  2,223  Ft.  R.^' 2,222.717 

NOBLBBORO  TO  MORBHOUSBYILLB. 

Nobleboro,  .7  mile  east  of;  chiseled  square  on  large 
boulder  8  feet  south  of  center  of  road 1,522.35 

Nobleboro,  1.5  mile  east  of;  State  benchmark  on  boul- 
der  15  feet  north  of  road  near  small  maple  tree  and 
about  150  feet  east  of  road  coming  in  from  south; 
marked  with  black  paint  and  "  P  " 1,601.63 

Nobleboro,  2.5  miles  east  of;  chiseled  square  on  large 
boulder  7  feet  south  of  center  of  road  and  400  feet 
west  of  house  on  south  side  of  road 1,637  40 

Nobleboro,  3.3  miles  east  of;  chiseled  square  on  boul- 
der 15  feet  south  of  road,  \  mile  east  of  cheese  fac- 
tory      1,690.14 

Nobleboro,  3.9  miles  south  of;  chiseled  circle  on  boul- 
der on  lowest  side  of  road  25  feet  east  of  road  com- 
ing in  from  southwest 1,775.15 

Nobleboro,  4.4  miles  east  of;  chiseled  square  on  boul- 
der 15  feet  left  of  road 1,808.72 

Morehouseville,  copper  bolt  in  flat  ledge  15  feet  south 
of  center  of  road  to  Piseco  Lake,  425  feet  east  of 
schoolhouse,  and  940  feet  eaat  of  road  south  at  post- 
office,  marked  ''  1911  Ft.  B.  M." 1,910.429 
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Prospect,  along  Adirondack  and  St.  Lawrence  Railroad,  via 

FORRSTPORT  and  McKbBVBR  TO  Old  FoRGE. 

Prospect,  1,150  feet  north  of  postoffice;  copper  bolt, 
in  large  boulder  in  field  apposite  creamery,  and 
marked  "  U.  S.  G.  S.  1142  Ft.  B.  M." 1,141.520 

Prospect,  1,000  feet  northeast  of  depot  on  Hinckley 
branch  railway;  northwest  corner  of  coping  of  par- 
apet north  side  of  culvert,  marked  "  O  BM  55  "  with 
chisel 1,147.25 

Remsen,  north  end  of  retaining  wall  between  lower 
mill  dam  and  Rome,  Watertown  and  Ogdensburg 
railroad;  crossmark  on  bronze  tablet  set  in  end  of 
coping  near  face  corner,  marked  "  11722  " 1,171.873 

Remsen,  1  mile  north  of  at  A.  &  St.  L.  Ry.  bridge; 
chiseled  square  on  south  abutment,  west  end  par- 
apet. .  .  .  1,204.37 

Remsen,  2J  miles  north  of,  boulder  20  feet  east  of 
track,  10  feet  north  of  farm  road  crossing  and  750 
feet  south  of  public  road  crossing,  marked  with 
chisel  square   1,218.55 

Honnedaga  station,  i  mile  north  of,  40  feet  west  of 
track  opposite  cattle  guard;  copper  bolt,  in  boulder 
15  feet  wide  and  6  feet  high,  marked  "  U.  S.  G.  S.  R 
1209  Ft.  R  B.  M." 1,20S.733 

Honnedaga  station,  \  mile  north  of;  top  step,  north- 
west wing  of  cattle  guard,  chiseled  square 1,212.69 

Forestport  station,  2  miles  south  of;  north  end  of 
Black  River  (reservoir)  bridge,  chiseled  square  on 
west  end  of  coping  of  parapet 1,179.29 
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Porestpart  station,  100  feet  west  of  on  road  to  village 
and  30  feet  south  of  road;  black  cherry  tree,  2  feet 
in  diameter;  nail  in  notched  root  west  side  tree. . .     1,199.25 

Porestport  station,  .3  mile  north  of;  north  end  of 
railroad  bridge  over  Little  Woodhull  creek,  west 
end  of  parapet  coping,  copper  bolt  marked  "  U.  S. 
G.  S.  R  1199  Ft.  B.  M." 1,199.378 

Porestport,  2 J  miles  north  of  at  Anos  siding;  notch 
on  root  of  poplar  tree  6  inches  in  diameter  50  feet 

east  of  track 1,300.07 

^^  • 

Porestport,  2f  miles  north  of;  cattle  pass  i  mile  north 

of  road  crossing;  chiseled  square  on  top  step,  north- 
east corner 1,302.47 

White  Lake  station,  2  miles  south  of;  near  Nichols 
Mills;  chiseled  square  on  face  of  coping  at  north- 
west corner  Bear  Creek  railway  bridge 1,370.43 

White  Lake  station,  50  feet  west  of  railroad  track,  10 
feet  north  of  wagon  road;  copper  bolt,  in  boulder 
6  feet  broad,  marked  "  U.  S.  G.  S.  R  1421  Ft.  B.  M."    1,421.037 

White  Lake  station,  2^  miles  north  of  and  100  feet 
north  of  White  Lake  Granite  Company's  switch; 
west  of  track  at  foot  of  embankment,  iron  staple  set 
in  boulder  20  feet  broad 1,457.19 

White  Lake  Granite  Company's  switch,  1  mile  north 
of;  chiseled  square  on  north  end  of  east  parapet  of 
culvert 1,531.00 

Otter  Lake,  15  feet  north  of  walk,  west  of  railroad 
track  and  midway  between  it  and  hotel;  square 
chisel  mark  on  boulder  8  feet  wide 1,549.71 
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McKeever,  600  feet  south  of  station,  west  of  railroad 
track,  in  rock  in  cut;  copper  bolt,  marked  "U.  S. 
G.  S.  R  1544  Ft.  B.  M." 1,544.232 

McKeever,  2  miles  north  of;  iron  railway  bridge  No. 
6  (20-foot  span);  chiseled  square  near  face  comer 
end  of  coping,  northwest  wing 1,559.53 

McKeever,  2^  miles  north  of,  at  Nelson  Lake  dam; 
chiseled  square  in  boulder  6  feet  east  of  track,  150 
feet  south  of  house 1,616.41 

McKeever,  3^  miles  north  of  at  railroad  bridge  No.  37 
(90-foot  span)  over  Moose  river;  chiseled  square  on 
face  angle,  north  abutment,  west  end,  one  foot  from 
girder 1,641.76 

Minnehaha  station.  Moose  river  bridge;  chiseled 
square  on  face  corner,  east  end  of  parapet,  north 
end 1,681.82 

Falton  Chain  station,  3  miles  south  of,  500  feet  north 
of  house;  chiseled  square  on  north  end  of  parapet, 
south  end  of  culvert 1,714.71 

Fulton  Chain,  }  mile  south  of;  opposite  lock,  railroad 
spike  in  side  of  first  telegraph  pole  south  of  trail  to 
lock 1,697.26 

Fulton  Chain,  5  feet  north  of  Wakeley's  Hotel,  8  feet 
east  of  railroad  track;  crossmark  on  bronze  tablet, 
set  in  boulder,  marked  "  R  1712  " 1,712.308 

Old  Forge,  i  mile  west  of  railroad  station,  at  picnic 
ground;  boulder  12  feet  square  and  7  feet  high,  15 
feet  north  of  railroad  track;  crossmark  in  bronze 
tablet,  marked  "  R  1733  " 1,732.979 
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Old  Forge,  Along  North  Side  Fulton  Chain  Lakes  to  Eaglb 

Bay  of  Fourth  Lake. 

Old  Fopge,  2|  miles  northeast  of,  at  summit;  horseshoe 
nail  in  hemlock  stump,  north  edge  of  road 2,004.97 

Old  Forge,  3J  miles  northeast  of,  at  outlet  of  Bald 
Mountain  pond;  chiseled  square  on  boulder  6  feet 
wide  and  3  feet  high  at  northwest  corner  of  Corduroy 
bridge 1,962.84 

Bald  Mountain,  west  side  of  trail  to,  from  Bald  Moun^ 
tain  House,  where  trail  crosses  road  from  Old  Forge 
to  Eagle  Bay  of  Fourth  Lake;  root  of  birch  stump, 
south  side  of  road,  west  side  of  trail 1,829.69' 

Third  Lake,  Fulton  Chain,  at  Bald  Mountain  House; 
bronze  cap  on  iron  benchmark  post,  40  feet  east  of 
dock,  8  feet  from  north  shore  of  lake;  marked  "R 
1712 '' 1,7115.94 

Bald  Mountain  trail,  3  mi^es  east  of,  opposite  road  to 
Lawrence  Camp;  chiseled  square  qu  boulder  8  feet 
wide,  10  feet  south  of  road 1,744.94 

Eagle  Bay,  40  feet  west  of  road  to  dock,  50  feet  from 
shore  of  lake;  chiseled  square  on  outcrop  in  front  of 
hotel 1,721.12 

Fourth  Lake,  via  Sixth  Lake  Dam  to  Fawn  Lake. 

Fourth  Lake,  Fulton  Chain,  at  Hess  Inn.  Iron  bench- 
mark post  set  in  ground  on  north  bank  of  Fifth  Lake 
outlet  40  feet  north  of  boathouse  and  billiard-room, 
70  feet  south  of  main  hotel  building,  175  feet  east  of 
sea  wall  on  lake  front  of  lawn,  3  feet  northeast  of 
sidewalk  crossing;  bronze  cap  marked  "  R  1717  "...     1,716.928 
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Sixth  Lake,  Fulton  Chain,  125  feet  east  of  north  end  of 
dam;  boulder  10  feet  broad,  4  feet  high,  4  feet  from 
edge  of  dock;  bronze  tablet,  marked  "  K  1788 '' 1,787.938 

Sixth  Lake  dam,  1.6  miles  south  of;  summit,  Seventh 
Lake  Mountain;  boulder  5  feet  broad,  8  feet  west  of 
road;  chiseled  square • 2^84.61 

Fawn  Lake,  500  feet  east  of,  at  bridge  over  inlet; 
notched  root  of  birch  tree  10  inches  in  diameter  10 
feet  east  of  bridge  on  north  bank  of  creek 1,950.77 

Fawn  Lake,  1^  miles  south  of,  on  road  from  Sixth  Lake 
to  Ken  wells;  900  feet  south  of  summit,  25  feet  north 
of  small  brook;  boulder  12  feet  square,  8  feet  high,  10 
feet  east  of  rood  at  south  end  of  level  stretch  of  road ; 
crossmark  on*  bronze  tablet,  marked  "  R  2263  " 2,262.617 

Queens  Ck>unty. 

Hempstead  and  Oyster  Bay  Quadrangles. 
The  elevations  published  in  the  following  list  are  based  on  the 
marking  "  +18.0555  "  made  with  a  chisel  on  the  face  of  the  retain- 
ing wall  of  Long  Dock,  in  the  Military  Post  grounds  at  Willett's 
Point.  The  elevation  of  this  benchmark  was  accepted  as  14.060 
feet  above  mean  sea  level  as  obtained  from  tidal  gauge  observa- 
tions made  by  the  U.  S.  Coast  and  Geodetic  Survey,  and  the 
Corps  of  Engineers,  U.  S.  Army,  at  Willett's  Point.  The  leveling 
was  done  under  the  general  direction  of  Mr.  E.  B.  Clark,  topo- 
gi*apher,  by  Mr.  Clark  Brown,  levelman. 

WiLLBTTS  Point  via  Bayside  and  Queens  to  Minbola. 

Willetts  Poinit,  military  post  grounds;  long  dock, 
face  of  retaining  wall  under  coal  shed,  marked 
"+  18.05555  "  with  chisel 14.060 
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Bayside,  northeast  corner  Bell  and  Park  ayenues,  150 
feet  south  of  railroad  crossing;  top  of  fire  hydrant.         76.66 

Queens^  f  mile  north  of,  opposite  site  of  new  school- 
house,  east  of  road;  6-inch  cherry  tree,  notch  in 
trunk 82.1 

Creedmoor  schoolhouse,  northwest  corner  of  Madison 
avenue  and  Pine  street;  iron  benchmark  post  set  in 
ground  15  feet  from  south  line  of  lot  and  2  feet 
from  front  Kne,  bronze  cap,  marked  "  85  W.  P." 85.163 

Floral  Park,  J  mile  northwest  of;  chiseled  square  on 
bridge  seat  at  west  end  of  overhead  railway  cross- 
ing           96.91 

Mineola,  1  mile  west  of;  100  feet  east  of  crossroads; 
notch  on  root  of  2-inch  cherry  tree  south  of  road 
by  fence 97.2 

Mineola  via  Jericho  to  East  Norwich. 

Mineola,  i  mile  north  of;  wire  nail  in  stump  of  tele- 
graph pole  at  northeast  corner  of  railroad  cross- 
ing         109.81 

Mineola,  2J  miles  northeast  of  and  2  miles  east  of  rail- 
road crossing,  on  the  Queens-Jericho  turnpike,  200 
feet  east  of  road  to  south;  nail  in  root  of  15-inch 
maple  tree,  south  side  of  road 122.58 

ff 

Jericho,  2  miles  west  of,  l  mile  east  of  cross  roads,  15 
feet  north  of  road;  top  of  bell  of  iron  pipe  culvert. .        135.02 

Jericho,  top  of  marble  highway  monument  in  triangle 
of  roads  opposite  hotel 194.08 

Jericho,  Jericho  turnpike  at  fork  of  roads  to  Oyster 
bay  and  Syosset;  retaining  wall  east  of  road,  15  feet 
from  driveway  to  residence;  cross  mark  on  bronze 
tablet  marked  "  218  W.  P." 218.160 
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East  Norwich,  1-3  mile  south  of;  wire  nail  in  top  of 
6tnmp  of  locnst  tree  12  inches  in  diameter  4  feet 
from  fence  corner  southeast  corner  of  crossroads. .       215.60 

East  Norwich,  300  feet  south  of  church,  notch  in  root 
of  black  walnut  tree  3  feet  in  diameter  opposite 
small  cemetery 186.4 

East  Norwich  via  Roslyn  to  Baysidb. 

Brookville,  doube  pipe  culvert  at  crossroads;  top  of 
bell  of  north  pipe  at  southeast  corner  of  roads  ....        122.76 

Glen  Head,  1,000  feet  east  of  road  to;  top  of  bell  south 
end  of  iron  pipe  drain 140.36 

Wheatly  Hills  railroad  station,  1,000  feet  south  of; 
300  feet  east  of  railroad  crossing;  notch  on  west  side 
of  apple  tree  by  south  road  fence 7       204.5 

Roslyn,  north  entrance  to  new  school  grounds;  center' 
of  first  step  above  bottom  landing 37.04 

Roslyn,  west  side  of  south  front  of  upper  basin  on  pub- 
lic fountain;  crossmark  on  bronze  tablet,  marked 
"  37  W.  P." 37.452 

RoBlyn,  southeast  corner  of  Main  street  and  turnpike; 
south  end  of  lower  step,  entrance  to  granite  clock 
tower 40.08 

Roslyn,  7-8  mile  west  of;  top  of  large  boulder  100  feet 
east  of  cross  roads  and  50  feet  east  of  hotel 166.44 

Roslyn,  IJ  miles  west  of;  notch  on  root  of  double 
trunked  oak  tree  12  inches  in  diameter  at  southwest 
corner  of  cross  roads 175.7 

Manhassett,  notch  on  root  of  maple  tree  18  inches  in 
diameter,  east  side  of  hill  road  100  feet  south  of  folk 
road  west  of  pond 51.3 


i 
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LittJe  Neck,  notch  on  root  of  cherry  tree  2  inches  in 
diameter  at  northwest  corner  of  roads 93.2 


MiNBOLA  VIA  Garden  City  and  Hb)mstbad  to  Merriok. 

Mineola,  north  corner  west  face  of  pier  north  of  door 
in  foundation  west  side  railroad  water  tank 105.52 

Mineola,  crossmark,  on  bronze  tablet,  set  in  coping 
west  end  of  north  pier  of  railroad  water  tank;  tablet 
is  marked  "  105  W.  P." 105.291 

Garden  City,  First  street  south  of  railroad;  top  of 
vaJve  stem,  fire  hydrant  northwest  corner  of  street. .  87.17 

Hempstead,  south  side  of  Front  street  25  feet  west  of 
Main  street;  top  of  fire  hydrant 54.06 

Merrick,  100  feet  north  of  railroad  crossing;  point  in 
center  of  stone  monument,  6  inches  square,  on  east 
line  of  street 18.73 

Merrick,  southwest  corner  of  railroad  crossing  about 
15  feet  from  center  of  ti-ack,  5  feet  west  of  west  line 
of  street,  15  feet  north  of  corner  of  store;  iron  bench- 
mark post,  bronze  cap,  marked  "  19  W.  P." 18.834 

I 

Mdrrick  via  Frdbport  and  Rockvillb  Center  to  Minbola. 

Freeport,  northeast  corner  Main  and  Fulton  streets; 

top  of  fire  hydrant 23.01 

Milburne,  Brooklyn  Water  Works  Reservoir,  overflow 

structure;  southeast  corner  of  coping  of  pier 11.41 

Rockville  Center,  300  feet  south  of  railroad  crosfiing; 

southeast  corner  of  Village  avenue  and  Observer 

street;  top  of  fire  hydrant 27.66 
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Rockville  Center,  northeast  corner  of  Village  avenue 
and  Observer  street;  crossmark  on  bronze  tablet  set 
in  stone  water  table  of  brick  building,  north  of  door, 
between  pilaster  and  window,  marked  "  26  W.  P.". .         26.378 

Rockville,  1^  miles  north  of;  large  reservoir,  corner 
of  stone  on  tangent,  north  face  coping  of  north  ex- 
tension of  slope  wall,  east  side  of  reservoir. . .- 36.48 


/ 


During  the  past  fiscal  year  plans,  estimates  and  specifications 
have  been  prepared  for  87  separate  contracts  (aside  from  those 
connected  with  the  f9,000,000  canal  improvement),  which  were 
awarded  during  the  year  and  which  are  estimated  to  cost 
f347,725.76. 

An  enormous  number  of  plans,  etc.,  for  work  not  yet  under- 
taken have  al86  been  made,  and  our  forces  have  been  called  upon 
to  guide  and  direct  numerous  pieces  of  repair  work  for  which  no 
plans  were  required. 

In  addition  to  the  laws  relating  to  the  expenditure  of  the 
$9,000,000  for  improving  the  Erie,  Oswego  and  Champlain  canals, 
and  the  so-called  ^'Ordinary  Repairs ''  bill,  and  a  similar  one 
(Chapter  566  Laws  of  1897),  providing  |360,000  for  miscellaneous 
improvements  on  the  various  canals,  150  other  or  special  laws 
carrying  appropriations  amounting  to  |1,458,296.44  have  required 
attention  during  the  year. 

Final  accounts  have  been  rendered  for  57  separate  pieces  of 
work,  involving  a  total  cost  of  |780,657.25. 

CONCLUSION. 
In  connection  with  the  work  of  the  various  boards  and  commis- 
sions, of  which  the  State  Engineer  is  a  member,  by  virtue  of  his 
oiBce,  I  believe  that  the  foregoing  report  indicates  that  this  is  the 
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busiest  year  that  has  ever  been  experienced  by  this  department, 
and  it  would  be  unjust  and  ungrateful  of  me  to  close  this  report 
without  a  word  of  appreciation  and  thanks  to  those  of  my  assist- 
ants who  have  helped  to  accomplish  so  much  during  the  year. 
The  various  pieces  of  work  that  have  been  under  way  during  the 
past  year,  and  the  expenditures  connected  therewith  are  des- 
Boribed  in  the  reports  of  the  Division  engineers,  which  are  hereto 
annexed.  [ 

All  of  which  is  respectfully  submitted. 

CAMPBELL  W.  ADAMS, 
State  Engineer  and  Surveyor. 
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Engineering  Expenses  for  the  Fiscal  Year. 


Obdinaby  Bepaib  Fund. 
Ca/nals. 


DIVISIONe. 

Erie. 

Champlaln. 

Oswego. 

1 
Black  River 

Cayuga 
and  Seneca 

Eastern ....... .... 

$7,538  24 

5,006  35 

10,035  24 

$3,744  26 

"$874" 12 

1 

Middle 

'$i]482"25         im'is 

Western. ...... .... 

Total 

$22,579  83 

$3,744  26 

$874  12 

$1,482  25 

$320  19 

f4,844  70 


Total  for  Ordinary  Repairs,  $29,000  65. 
Special  Appropriations. 

Examination^  monuments  and  maps,  disbursed  by 
diyisions  engineers,  chapter  950,  Laws  of  1896  and 
chapter  790,  Laws  of  1897 

Examination,  monuments  and  maps,  paid  directly 
by  State  Treasurer,  chapter  950,  Laws  of  1896  and 
chapter  790,  Laws  of  1897 

Making  surveys  and  maps  for  use  of  the  State 
Board  of  claims,  chapter  950,  Laws  of  1896  and 
chapter  790,  Laws  of  1897 

Upper  Hudson  River  Survey,  chapter  320,  Laws  of 
1896 

Topographical  Survey,  New  York  State,  chapter  480, 

Laws  1896,  chapter  391,  Laws  of  1897 14,000  73 


7,473  98 


12,964  90 


1,880  09 


{41,164  40 


SUMMARY. 

Ordinary  repairs |29,000  65 

Extraordinary  canal  improvement 331,319  19 

Si>eclal  appropriations 41,164  40 


Total  engineering  expenses {401,484  24 
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EXTRAORDINARY  CANAL  IMPROVEMENT. 

Eastern  Division. 

Repairs  Schenectady  wall,  chapter  288,  LawB  of 
1895  . fl31  90 

Sidewalks  Schenectady  Bridge,  chapter  492,  Laws 
of  1895 130  00 

Approaches,  etc.,  Maple  street  bridge,  Sandy  Hill, 
chapter  286,  Laws  of  1895,  chapter  975,  Laws  of 
1896 92  67 

Culvert  over  weigh  lock  outlet,  Waterford,  chapter 
364  Laws  of  1896 416  45 

Bridge  over  Glens  Falls  feeder,  Glen  street.  Glens 
Falls,  chapter  798,  Laws  of  1896 264  75 

Repairs  to  Rexford's  Flats  dam,  chapter  560,  Laws 
of  1895,  chapter  947,  Laws  of  1896,  chapter  566- 
572,  Laws  of  1897 328  90 

Bullard's  bridge,  Champlain  canal,  chapter  254, 
Laws  of  1896 142  73 

Deepening  and  widening  between  Great  South  Bay 
and  Shinnecock  Bay,  chapter  348,  Laws  of  1896, 
chapter  790,  Laws  of  1897 837  35 

Shinnecock  and  Peconic  canal,  piling  and  protect- 
ing,  chapter  950,  Laws  of  1896,  chapter  791,  Laws 
of  1897 87  54 

Lengthening  locks  21  and  22  Erie  canal,  chapters  79 
and  320,  I^ws  of  1895,  chapter  794,  Laws  of  1896.  6,287  64 

Extraordinary  repairs  Erie  and  Champlain  canals, 
chapter  947,  Laws  of  1896,  chapter  566,  Laws  of 
1897 9,280  09 

Improvement  Erie  Canal,  chapter  79,  Laws  of  1895, 
chapter  794,  Laws  of  1896,  chapters  43  and  569, 
Laws  of  1897 57,692  26 
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Improvement  Ohamplain  canal,  chapter  79,  Laws  of 
1895,  chapter  794,  JjawB  of  1896,  chapters  43  and 
569,  Laws  of  1897 |30,602  11 

River  street  lift  bridge,  Port  Plain,  chapter  576, 
Laws  of  1897 211  68 

Ponrth  street  bridge,  Waterf  ord,  chapter  575,  Law^s 
of  1897 46  50 

Railroad  street  lift  bridge,  I  lion,  chapter  105,  Laws 
of  1897 597  83 

1107,150  40 


EXTRAORDINARY  CANAL  IMPROVEMENT. 

Kiddle  Bivision. 
Oenesee  street  bridge  at  Utica,  chapter  560,  Laws 

of  1893,  chapter  170,  Laws  of  1895 |2,083  47 

Repairs  to  Owasco  Lake  outlet,  chapter  99,  Laws  of 

1895,  chapter  799,  Laws  of  1896  and  chapter  561 

Laws  of  1897 1,654  06 

West  Genesee  street  bridge,  Syracuse,  chapter  311, 

Laws  of  1895 1,233  53 

Oanasaraga  Creek  culvert,  chapter  969,  Laws  of 

1895 86  19 

Thomas  street  bridge,  Rome,  chapter  970,  Laws  of 

1895 130  00 

Extraordinary  repairs,  middle  division,  chapter  566, 

Laws  of  1897 1,877  46 

Otisco  Lake  inlet  bridge,  chapter  497,  Laws  of  1895, 

chapter  793,  Laws  of  1896 450  50 

Improving  Oswego  canal,  chapter  219,  Laws  of  1895,  65  10 

Bridge  over  Oswego  canal  at  Pulton,  chapter  113 

Laws  of  1897 300  00 

12 
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Protecting  Cayuga  and  Seneca  canal  at  Geneva, 

chapter  142,  Laws  of  1895 |347  54 

Improving  Cayuga  and  Seneca  canal  and  Seneca 

lake  outlet,  chapter  308,  Laws  of  1895 173  58 

Improving  Cayuga  and  Seneca  canal  at  Waterloo-, 

.    chapter  512,  Laws  of  1895 165  00 

Improving   Cayuga  and   Seneca   canal   at   Seneca 

Falls,  chapter  512,  Laws  of  1895 30  17 

Cleaning  ditch  between  Waterloo  and  Seneca  Falls, 

chapter  932,  Laws  of  1895,  chapter  950,  Laws  of 

1896 : 267  98 

Repairs  to  North  Branch  Reservoir,  chapter  148, 

Laws  of  1895 405  97 

River  bridge  at  Carthage,  chapter  102,  Laws  of  1895,  670  17 

Rebuilding  lock  No.  96,  Black  River  Canal,  chapter 

947,  Laws  of  1896 1,520  79 

Rebuilding  Lock  No.  49,  Black  River  Canal,  chapter 

947,  Laws  of  1896 1,810  69 

Extraordinary  repairs  middle  division  Black  River 

Canal,  chapter  566,  Laws  of  1897 2,174  49 

Surveys  on  account  of  Attorney-General,  chapter 

932,  Laws  of  1895 42  42 

Improvement  of  the  Erie  canal,  chapter  79,  Laws  of 

1895,  chapter  43,  Laws  of  1897 84,931  59 

Improvement  of  the  Oswego  canal,  chapter  79,  Laws 

of  1895,  chapter  43,  Laws  of  1897 18,623  44 

Highway,  Onondaga  Indian  Reservation,  chapter 

932,  Laws  of  1895 11  57 

Extraordinary  repairs  middle  division,  chapter  947, 

Laws  of  1896 4,260  51 

Filling  pond  at  Oneida  Castle,  chapter  515,  Laws  of 

1897 17  82 
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Improving  Butternut  Creek,  chapter  1009,  Laws  of 
1895 |9  57 

1131,026  62 

EXTRAORDINARY  OANAL  IMPROVEMENT. 

Western  Divlfiion. 

Porter  avenue  bridge,  Buffalo,  chapter  590,  Laws  of 
1895 12,224  23 

Dredging  Lower  Black  Rock  harbor,  chapter  320, 
Laws  of  1895 308  67 

Bebuildling  vertical  wall  at  Sodus  street,  Clyde,  chap- 
ter 947,  Laws  of  1896 61  95 

Rebuilding  vertical  wall  at  Montezuma  street,  Lyons, 

chapter  947,  Laws  of  1896 139  53 

Enlarging  spillway,   Cuba  reservoir,   chapter  950, 

Laws  of  1896 !^00  00 

Rebuilding  vertical  wall  between  South  Clinton)  and 
South  St.  Paul  streets,  Rochester,  chapter  947, 
Laws  of  1896 \ 383  50 

Improving  channel  of  Falls  creek,  Montour  Falls, 

chapter  797,  Laws  of  1896 600  00 

Dyke  along  Chemung  river,  at  Chemung,  chapter 

949,  La^  of  1896 500  00 

Dredging  and  removing  obstructions,  Findley's  lake, 
chapter  950,  Laws  of  1896,  and  chapter  790,  Laws 
of  1897  t 126  94 

Repairing  hig'hways,  Cattaraugus  Indian  Reserva- 
tion, chapter  949,  Laws  of  1896 82  33 

Oonspleting  bridge  across  Cattaraugus  cre^k,  chap- 
ter 950,  Laws  of  1896 150  00 

Repairs  to  dock  in  Erie  basin,  chapter  489,  Laws  of 
1896 100  00 
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Buoys  in  Erie  basin,  chapter  521,  Laws  of  1896 f23  00 

Improving  channel  of  Newtown  creek,  chapter  949, 
Laws  of  1896,  and  chapter  791,  Laws  of  1897 2,467  72 

Exchange  street  bridge,  Rochester,  chapter  514, 
Laws  of  1896,  and  chapters  572  and  791,  Laws  of 
1897 75  00 

Bridge  over  Oak  Orchard  feeder,  Medina,  chapter 
791,  Laws  of  1896,  and  chapter  790  Laws  of  1897 .  71  55 

RebuildSng  Newark  waste-weirs,  chapter  947,  Laws 
of  1896 390  00 

Replacing  two  24-inch  pipes  with  one  48-inch  pipe 
under  Erie  canal  between  Ninth  and  Tenth  streets, 
Rochester,  chapter  947,  Laws  of  1896 333  00 

Dyke  along  the  Oheinung  river,  Elmira,  chapter  950, 

Laws  of  1896,  and  chapter  790,  Laws  of  1897 1,088  89 

Building  bridge  and  improving  State  roads,  Tona- 
wanda  Indian-  Reservation,  chapter  950,  Laws  of 
1896,  and  chapter  790,  Laws  of  1897 200  00 

Improving  channel  leading  from  State  culvert  under 
Erie  canal  at  Brockport,  chapter  947,  Laws  of 
1896 165  48 

Deepening  and  improving  Oayuga  creek,  chapter 
559,  Laws  of  1897 193  21 

Deei)ening  and  improving  Mud  creek,  chapter  447, 
Laws  of  1896 340  60 

Repairing  and  preserving  highways  on  the  Catta- 
raugus Indian  Reservation,  chapter  790,  Laws  of 
1897 54  48 

Constructing  a  bridge  over  the  Allegany  river  be- 
tween Carrollton  and  Allegany,  chapter  790,  Laws 
of  1897 182  40 

Genesee  River  storage  dam,  chapter  950,  Laws  of 

1896 2,598  29 
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Repairing  abutments  of  Oook's  bridge  and  lengthen- 
ing cniyerts  33  and  34,  and  rebuilding  culverts  32, 
all  in  Pittsford,  chapter  947,  Laws  of  1896 |258  66 

Building  temx)orary  aqueduct  and  coffer-dam  at 
Lockport,  chapter  947,  Laws  of  1896 120  00 

Rebuilding  iron  culvert  under  Genesee  River  feeder 
at  Rochester,  chapter  947,  Laws  of  1896 227  50 

Rebuilding  and  repairing  culverts  36  and  38  at 
Brighton,  chapter  947,  Laws  of  1896 482  70 

Rebuilding  culvert  between  Medina  and  Knowles- 
ville,  chapter  947,  Laws  of  1896 502  00 

Repairing  waste-weirs  at  LockxK)rt,  Middlleport  and 

near  Mabee's  bridge,  chapter  947,  Laws  of  1896. . .  185  20 

Removing  old  pile  dam  across  Chemung  river  art: 

CJorning,  chapter  790,  Laws  of  1897 88  83 

Repairing  and  preserving  highways  on  the  Allegany 

Indian  Reservation,  chapter  790,  Laws  of  1897. . .  119  89 

Special  surveys,  Court  of  Claims,  chapter  950,  I^aws 

of  1896 335  61 

Rebuilding  Brighton's  waste-weir  and  north  head 

wall  of  Alleni's  creek  culvert*,  chapter  947,  Laws  of 

1896 306  60 

RebuiMing  berme  abutment  of  Jay  street  bridge  at 

Rochester,  chapter  947,  Laws  of  1896 288  00 

Rebuilding  culverts  Nos.  1  and  2,  chapter  947,  Laws 

of  1896 580  91 

Canal  improvement,  chapter  794,  Laws  of  1896,  and 

chapters  43  and  569,  Laws  of  1897 93,142  27 

1109,548  84 
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Eastern  Division. 


Office  of  the  Division  Enqinebb, 

Eastbrn  DiTisiON  N.  Y.  S.  Canals. 


! 


Hon.  C.  W.  Adams,  State  Engineer  and  Surveyor: 

Dear  Sir. —  I  have  the  honor  to  submit  to  you  my  annual  report 
as  Division  Engineer,  Eastern  Division,  New  York  State  Canals, 
for  the  fiscal  year  ending  September  30,  1897. 

The  Eastern  Division  is  the  same  as  stated  in  my  previous 
report: 

Miles. 

Erie  canal  from  Albanv  basin  to  east  line  of  Oneida 

county 106.243 

Port  Schuyler  and  West  Troy  side-cuts .350 

Albany  basin .  770 

Champlain  canal,  including  Waterford  side-outs,  Co- 
hoes  and  Saratoga  dams 66.000 

Pond  above  Troy  dam 3.000 

« 

Olens  Falls  feeder  and  pond 12.000 


Total 188.363 


There  have  been  very  few  interruptions  to  navigation  on  this 
division  during  the  past  season.  No  breaks  of  importance  oc- 
curred, though  there  were  several  troublesome  leaks  when  the 
water  was  first  let  into  the  canal  last  spring,  and  some  of  the 
levels  had  to  be  emptied  for  repairs.  This  caused  two  or  three 
days'  delay  in  opening.    This  was  doubtless  due  indirectly  to  the 
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work  on  the  improvement  —  it  has  been  the  custom  to  leave  suflB- 
cient  water  in  the  canal  to  cover  the  bottom  of  the  prism,  but 
during  the  past  winter  the  canals  were  thoroughly  drained  and 
the  frost  penetrated  to  an  unusual  depth,  which  heaved  the  banks 
and  caused  them  to  crack  badly,  but  by  energetic  work  qn  the 
part  of  those  in  charge  of  the  canal,  serious  breaks  were  pre- 
vented, though  there  was  considerable  leakage  during  the  greater 
part  of  the  season.  The  excessive  rainfalls  during  the  past  sum- 
mer provided  an  ample  water  supply,  and  there  was  no  diiBculty 
in  maintaining  the  standard  depth  of  water  at  all  times. 

The  work  done  on  this  division  during  the  past  year  will  be 
referred  to  further  on.   The  Department  was  organized  as  follows: 

Dewitt  C.  Smith,  Division  Engine(  r. 

Albert  J.  Himes,  Resident  Engineer. 

T.  0.  Leutze,  First  Assistant  Engineer  (Erie  canal). 

John  R.  Kaley,  First  Assistant  Engineer  (Champlain  canal). 

The  engineeriAg  forces  have  been  engaged  in  supervising  work 
under  contract,  completing  surveys  and  detailed  plans  for  deepen- 
ing the  canals,  making  surveys  and  maps  for  the  Board  of  Claims 
to  be  used  in  defense  of  actions  brought  against  the  State  for 
damages,  preparing  plans  for  ordinary  repairs,  when  called  upon 
to  do  so,  and  in  the  care  of  work  authorized  under  special  acts  of 
the  Legislature. 

The  names  of  persons  employed,  rate  of  compensation  and  time 
of  service,  will  be  shown  in  the  tables  accompanying  this  report. 

IMPROVEMENT  OF  CANALS. 

Chapter  79,  Laws,  of  1895;  Chapter  794,  Laws  of  1896;  Chapters 

43  and  569,  Laws  of  1897. 
In  October,  1896,  the  Superintendent  of  Public  Works  received 
bids  for  twelve  contracts  on  the  Eastern  Division  of  the  canals. 
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They  were  nnmbered  from  1  to  13  inclusive.  Contract  No.  11, 
which  provided  for  lengthening  locks  Nos.  21  and  22,  had  been 
previously  awarded.  All  were  awarded,  except  contract  No.  1, 
the  bids  on  which  were  regarded  as  excessive.  As  soon  as  the 
contracts  were  executed,  the  contractors  began  making  prepara- 
tions for  the  work,  their  progress  will  be  referred  to  in  detail 
further  on.  The  work  is  far  enough  advanced  to  indicate  that  the 
cost  will  considerably  exceed  the  engineer's  estimates.  This  is 
due  to  general  increase  in  quantities  and  to  unforeseen  contin- 
gencies, which  continually  arise  in  work  of  this  character.  The 
work  is  necessarily  performed  during  the  most  unfavorable  sea- 
son, the  ground  being  saturated  —  the  alternate  freezing  and 
thawing  keeps  it  in  the  worst  possible  condition.  The  material 
excavated  from  the  prism  comes  up  either  in  frozen  lumps  or  soft 
mud  and  is  totally  unfit  for  use  in  raising  the  embankment;  it  has 
to  be  wasted,  and  more  suitable  material  obtained  from  borrow 
pits.  This  increases  the  quantity  of  excavation  and  embankment, 
as  it  was  expected  to  use  the  prism  excavation  for  raising  the 
banks.  Some  of  the  walls  which  were  covered  with  silt  were 
found  to  be  in  such  a  dilapidated  condition  that  they  weve  beyond 
repair  and  had  to  be  rebuilt.  This  is  particularly  true  of  the 
slope  walls,  which  were  composed  mostly  of  snuill  field  boulders; 
they  had  by  the  action  of  the  elements  and  settlement  of  the  banks 
partaken  more  of  the  character  of  riprap  than  of  a  pavement,  and 
when  the  silt,  which  completely  hid  them  from  view,  was  re- 
moved, it  was  very  difficult  to  draw  the  line  where  repairs  should 
cease.  The  quantity  of  slope  wall  will  considerably  exceed  the 
estimates  on  nearly  all  of  the  contracts.  When  the  silt  was 
removed  and  the  excavation  extended  down  into  the  natural  soil, 
leaks  were  developed  and  they  had  to  be  checked,  either  by  sheet 


192  Annual  Rkport  of  the  > 

piliDg,  ]>uddliiig  ar  concrete.  Also  the  amount  of  seepage  from 
the  canal  was  greatly  increased,  and  tile  drains  or  open  ditches 
had  to  be  provided  to  carry  it  away.  This  has  added  considerably 
to  the  cost  of  the  work.  The  surface  of  the  towing-path,  which 
was  in  a  very  fair  condition  when  the  surveys  were  made,  has 
been  badly  out  up  in  conseciuence  of  hauling  over  it  the  heavy 
loads  of  materials  used  in  the  work,  and  will  have  to  be  resur- 
faced, thus  increasing  the  quantity  of  lining.  On  some  of  the 
contracts  hard-pan  has  been  encountered,  which  under  the  speoi- 
fications  is  classified  as  rock  excavation,  which  will  somewhat 
increase  this  item.  The  plans  and  estimates,  as  originally  pre- 
pared, provided  for  relaying  a  much  larger  portion  of  the  walls 
covering  the  entire  surface  of  the  towing-path  with  twelve  inches 
of  lining  and  thoroughly  overhauling  and  repairing  the  structureB, 
but  as  the  aggregate  cost  greatly  exceeded  the  amount  of  funds 
available,  they  were  reduced  with  the  expectation  that  the  old 
walls  might  be  saved  and  the  required  depth  of  water  obtained  at 
a  cost  within  the  limits  of  the  appropriation. 

CONTRACT  No.  2.— ERIE  CANAL. 
Dated  November  10,  1896,  J.  W.  Whalen,  contractor. 

Engineer's  estimate 157,688  00 

Additional  work  authorized  by  canal 

board 5,368  00 

163,056  00 

Estimate  at  contract  prices 52,910  50 

Work  done,  including  10  per  cent  retained 21,400  00 


This  contract  extends  from  lock  No.  20  to  lock  No.  21,  a  dis- 
tance of  3.22  miles.  The  plans  provide  for  lowering  the  canal 
bottom  two  feet.  This  being  a  feeder  level,  that  is,  it  receives 
the  water  from  the  Rexford  Flats  feeder,  it  was  decided  to  im- 
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prove  by  lowering  two  feet,  instead  of  raising  the  water  surface 
to  avoid  the  necessity  of  raising  the  dam,  which  would  involve 
the  State  in  numerous  claims  for  damages  on  account  of  over- 
flow back  water,  etc.  This  plan  was  adopted  on  all  the  feeder 
levels  on  this  division. 

About  one-third  of  the  work  on  this  contract  is  completed. 
The  progress  was  rather  slow  owing  to  difficulty  in  procuring 
nmterials,  there  being  no  suitable  stone  in  the  vicinity  of  the 
work,  and  as  the  work  was  situated  so  far  from  any  point  that 
could  be  reached  by  railroad,  it  made  the  delivery  very  slow 
and  expensive.  The  materials  are  now  being  delivered  by  boats 
and  will  all  be  on  the  ground  before  the  close  of  navigation. 

This  contract  can  easily  be  completed  during  the  coming  win- 
ter. 

An  additional  sum  of  f  5,268  was  authorized  by  the  canal  board 
for  rebuilding  the  waste-weir  near  lock  No.  20.  This  was  not 
included  in  the  original  contract,  but  it  is  very  essential  that  it 
should  be  built  to  guard  against  overflow  to  the  banks,  which  is 
liable  to  occur  during  any  sudden  rise  in  the  river.  There  will 
also  be  some  increase  in  the  quantity  of  lining  as  the  towing-path 
will  have  to  be  resurfaced.  The  other  quantities  will  remain 
about  the  same  as  estimated. 

CONTRACT  No.  3.~ERIE  CANAL. 

Dated  November  17, 1896,  Lauer  &  Hagaman,  contractors. 

Engineer's  estimate f  75,028  00 

Additional  work  authorized  by  canal 

board 3,893  20 

178,921  20 

£8timate  at  contract  prices 74,159  35 

Work  done,  including  10  per  cent,  retained 86,760  00 

13  = 
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This  contract  comprises  the  level  between  lock  No.  27  and  lock 
No.  28,  a  distance  of  5.21  miles.  The  plans  provide  for  lowering 
the  canal  bottom  two  feet. 

The  contractors  made  very  fair  progress).  Their  efforts  dnring 
the  winter  were  particularly  directed  in  building  the  wall  and 
doing  necessary  excavation  for  same,  intending  to  do  the  major 
portion  of  the  excavation  by  dredging  during  the  summer.  The 
walls  are  nearly  completed,  and  they  expect  to  finish  the  excava- 
tion before  the  close  of  navigation  this  season,  excepting  about 
one-half  mile  of  prism  below  the  city  of  Amsterdam,  where  hard- 
pan  was  encountered  which  could  not  be  excavated  by  the  dredge. 
There  ought  to  be  no  difficulty  in  completing  this  contract  before 
the  close  of  navigation  next  season. 

The  cost  of  this  work  will  materially  exceed  the  engineers 
estimate  owing  to  the  hard-pan  mentioned  above,  and  to  the 
increase  in  the  quantity  of  vertical  and  slope  wall.  The  quan- 
tity of  lining  will  be  somewhat  increased,  as  the  towing-path 
will  have  to  be  resurfaced  after  the  balance  of  the  work  is  com- 
pleted. There  will  also  be  some  increase  in  the  cost  on  account 
of  repairing  four  culverts,  which  were  found  to  be  in  very  dan- 
gerous condition. 

CONTRACT  No.  4.— ERIE  CANAL. 

Dated  November  9,  1896,  Gallo  &  McNeice,  contractors. 

Engineer's  estimate |33,251  00 

Estimate  at  contract  prices 31,590  05 

Work,  including  10  per  cent,  retained 25,980  00 


This  contract  extends  from  lock  No.  28  to  lock  No.  29,  a  dis- 
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tance  of  1.97  miles.  The  plans  provide  for  lowering  the  canal 
bottom  two  feet.  This  level  receives  the  water  from  the  Scho- 
harie creek  feeder. 

The  contractors  made  very  slow  progress  as  they  immediately 
encountered  a  very  tenacious  hard-pan,  which  could  only  be  ex- 
cavated by  blasting.  They  completed  the  vertical  walls,  about 
50  per  cent,  of  the  slope  wall,  and  about  50  per  cent,  of  the  ex- 
cavation. 

The  cost  of  the  work  will  exceed  the  estimate  on  account  of 
rock  excavation  (hard-pan),  and  there  will  be  an  increase  in  the 
quantity  of  lining.  The  other  quantities  will  remain  about  the 
same  as  estimated.  The  work  can  easily  be  completed  during 
the  coming  winter. 


CONTRACT  No.  5.— ERIE  CANAL. 

Dated  November  16,  1896,  Bruramelkamp  &  Lane,  contractors. 

Engineer's  estimate  |90,532  65 

Estimate  a^  contract  prices ,  88,434  35 

Work  done,  including  10  per  cent,  retained 80,610  00 


This  contract  extends  from  lock  No.  32  to  lock  No.  33,  a  dis- 
tance of  5.11  miles.  The  plans  provide  for  lowering  the  canal 
bottom  two  feet. 

The  contractors  completed  the  vertical  walls,  about  one-half 
of  the  slope  walls,  repaired  the  Otsquago  creek  aqueduct  and 
finished  the  prism  excavation  through  the  village  of  Fort  Plain 
before  the  water  was  let  into  the  canal  last  spring.  The  remain- 
ing portion  of  excavation  is  being  done  by  dredging,  and  will 
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be  practically  completed  before  the  close  of  navigation  this  sea- 
son. Work  on  this  contract  will  be  completed  during  the  com- 
ing winter. 

The  cost  of  this  work  will  slightly  exceed  the  estimate  on 
account  of  the  increase  in  the  quantities  of  slope  wall  and  lining 
for  resurfacing  the  towing-path.  There  will  also  be  some  increase 
in  the  cost  of  excavation  due  to  the  large  amount  of  ditching 
required  to  carry  away  the  seapage  from  the  canal. 


OONTBAOT  No.  6.— ERIE  CANAL. 

Dated  November  17,  1896,  Lauer  &  Hagaman,  contractors. 

Engineer's  estimate |45,080  00 

Estimate  at  contract  prices 43,831  26 

Work  done  including  10  per  cent,  retained 46,320  00 

This  contract  extends  from  lock  No.  33  to  lock  No.  34,  a  dis- 
tance of  2.57  miles.  The  plans  provide  for  lowering  canaJ  bot- 
tom two  feet.    This  level  receives  water  from  Rocky  Rift  feeder. 

The  contractors  have  completed  the  vertical  walls,  about  80 
per  cent,  of  the  slope  walls,  and  50  per  cent,  of  the  excavation. 
The  cost  of  this  work  will  exceed  the  estimate  principally  oh 
account  of  the  necessity  of  puddling  the  entire  bottom  of  the 
prism  for  a  distance  of  3,000  feet,  from  the  head  of  lock  No.  33. 

The  excavation  at  this  place  uncovered  a  strata  of  very  coarse 
gravel.  It  was  decided  to  cover  it  with  a  layer  of  puddle  one 
foot  thick.  This  also  increased  the  quantity  of  excavation  as 
the  cut  had  to  be  made  one  foot  deex)er. 

There  will  also  be  an  increase  in  the  quantity  of  slope  wall. 
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OONTRAOT  No.  7.— BRIE  OANAL. 

Dated  November  11, 1896,  John  V.  Quackenbush,  contractor. 

Engineer's  estimate fl29,264  10 

Additional  work  authorized  by  canal 

board 17,741  20 

$147,005  00 

E»timate  at  contract  prices 113,436  66 

Final  account 141,591  14 


as 


This  contract  includes  the  two  levels  betveeen  lock  No.  42  and 
lock  No.  44,  a  distance  of  2.96  miles.  The  plans  provided  for 
raising  the  water  surface  one  foot  and  lowering  canal  bottom  one 
foot. 

This  contract  is  complete  and  final  account  rendered. 

The  additional  work  authorized  by  the  canal  board  was  for 
protecting  1,150  lineal  feet  of  the  berme  bank  between  bridges 
Nos.  155  and  156  with  piling;  laying  2,113  lineal  feet  of  sewers 
on  Clark  and  North  streets  in  the  village  of  Ilion  to  carry  away 
the  w^epage  from  the  canal,  which  filled  the  cellars  of  the  dwell- 
ings on  those  streets,  and  for  the  additional  expense  of  raising 
and  repairing  locks  Nos.  42  and  43.  It  was  expected  to  lift  the 
coping  (rom  the  locks,  lay  a  12-inch  course  of  masonry  and  re- 
place the  old  stone,  but  the  coping  was  dowelled  into  the  masonry 
below  and  most  of  it  was  broken  in  lifting  and  had  to  be  replaced 
by  new  stone. 

There  is  an  increase  in  the  quanities  of  excavation,  vertical 
wall  and  lining  due  to  the  necessity  of  obtaining  material  from 
borrow  pits  for  raising  the  banks  (classified  as  excavation)  re- 
building some  of  the  old  vertical  walls,  which  it  was  expected 
could  be  saved,  and  restoring  the  towing-path  embankment 
where  it  crosses  a  marsh,  between  bridges  Nos.  151  and  152.  The 
embankment  for  a  distance  of  about  600  feet  settled  bodilv  down 
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into  the  marsh  and  was  restored  by  filling  the  space  with  gravely 
which  had  to  be  hauled  some  distance  and  was  classified  as  lin- 
ing. 

CONTRACT  No.  11.— ERIE  CANAL. 

Dated  September  7, 1896,  Chambers  &  Casey,  contractors. 

Engineer's  estimate fll6,396  00 

Additional  work  authorized  by  canal 

board 6,335  30 

;     1122,731  30 

Estimate  at  contract  prices 96,303  90 

Final  account 118,239  73 


=a 


This  contract  provided  for  lengthening  locks  Nos.  21  and  22 
and  enlarging  the  prism  between  said  locks. 

The  contract  is  completed  and  final  account  rendered. 

Chapter  320,  Laws  of  1895,  appropriated  |77,500  for  lengthen- 
ing these  locks,  but  as  the  engineer's  estimate  exceeded  this 
amount,  the  canal  board  authorized  that  the  balance  be  paid  from 
chapter  79  of  the  Laws  of  1895. 

The  increase  in  the  cost  of  the  work  above  the  estimate,  was 
due  principally  to  substituting  concrete  for  piling  under  lock  No. 
22,  some  additional  vertical  wall,  which  it  was  found  necessary 
to  build  at  foot  of  lock  No.  21  and  repointing  the  old  locks,  and 
repairing  the  foundations,  which  were  found  to  be  undermined. 

After  the  apron  at  the  foot  of  lock  22  was  removed,  the  rock 
underneath  it  was  found  to  be  much  nearer  the  surface  than  ex- 
pected. The  soundings  which  were  taken  a  short  distance  below 
the  apron  indicated  an  average  depth  to  rock,  of  about  nine  feet, 
underneath  the  apron  the  depth  proved  to  be  only  from  four  to 
six  feet.  As  it  was  impracticable  to  use  such  short  lengths  of 
piles  it  was  decided  to  excavate  down  to  rock  and  build  the  en- 
tire foundation  for  the  lock  walls  of  concrete.    This  considerably 
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increased  the  cost  but  added  greatly  to  the  stability  of  the  struc- 
ture. 

In  repairing  the  unlengthened  chamber  of  lock  21,  it  was  found 
necessary  to  rebuild  the  apron  which  was  badly  undermined. 
The  old  dilapidated  vertical  wall,  which  extended  from  the  foot 
of  the  lock  to  the  mouth  of,  Eexford  Plats  feeder,  and  which 
rested  partially  on  the  apron,  had  to  be  rebuilt.  This  stretch 
of  vertical  wall  was  included  in  contract  No.  2,  which  extends 
from  lock  No.  20  to  lock  No.  21,  but  as  the  contractor  on  contra«it 
No.  2  did  not  have  the  material  or  plant  on  hand  to  do  the  work 
and  it  was  imperative  that  it  should  be  built  before  the  opening 
of  navigation,  it  was  decided  to  have  the  work  done  under  con- 
tract No.  11.  The  quantity  of  vertical  wall  on  contract  No.  2 
will  be  correspondingly  reduced. 

CONTRACT  No.  12.— ERIE  CANAL. 

Dated  November  11,  1896,  Shear  &  Haight,  contractors. 

Engineer's  estimate |84,740  00 

Estimate  at  contract  prices 79,320  50 

Work  done,  including  10  per  cent,  retained 70,940  00 


z 


This  contract  extends  from  lock  No.  22  to  bridge  No.  55,  a  dis- 
tance  of  3.29  miles.  The  plans  provide  for  lowering  the  canal 
bottom  two  feet. 

About  75  per  cent,  of  the  work  on  this  contract  is  completed. 

CONTRACT  No.  13.— ERIE  CANAL. 

Dated  November  10,  1896,  John  V.  Quackenbush,  contractor. 

Engineer's  estimate $41,860  50 

Estimate  at  contract  prices 38,749  30 

Pinal  account 45,315  35 


I 
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This  contract  comprised  the  level  between  lock  No.  44  and  lock 
No.  45,  a  distance  of  1.24  miles.  The  plans  provided  for  raising 
the  water  surface  one  foot  and  lowering  canal  bottom  one  foot. 

The  contract  is  completed  and  final  account  rendered. 

There  is  an  increase  above  the  engineer's  estimate  in  the  quan- 
tities of  excavation,  embankment  and  vertical  wall. 

The  increase  in  excavation  is  due  to  borrowing  material  for 
raising  the  banks.  The  increase  in  embankment  was  on  account 
of  excavatcHi  iiiateinal  which  wa«  nect^ssai'ilv  liauled  over  one 
thousand  feet,  and  the  increase  in  the  quantity  of  vertical  wall 
was  for  rebuilding  some  old  wall  that  could  not  be  saved. 

(JONTKACT  No.  8.— CHAMPLAIN  CANAL. 

Dated  November  14,  1806,  Whalen  &  Higgins,  contractors. 

Engineer's  estimate 166,270  00 

Additional  work  authorized  by  Canal 

Board 4,424  59 

170,694  59 

Estimate  at  contract  prices 68,376  00 

Pinal  account 89,940  41 


This  contract  extends  from  a  point  200  feet  south  of  the  Water- 
ford  sidecut  to  lock  No.  5,  a  distance  of  1.03  miles.  The  plan 
provided  for  lowering  the  canal  bottom  two  feet.  The  water 
surface  on  this  level  is  regulated  by  the  height  of  the  dam  across 
the  Mohawk  river  at  Cohoes;  the  level  is  practically  a  continua- 
tion of  the  pond  above  said  dam.  This  contract  is  completed  and 
final  account  rendered. 

The  cost  of  the  work  on  the  contract  proper  exceeded  the  esti- 
mate by  about  |2,000.  This  was  due  to  the  large  amount  of  exca- 
vated material  through  the  village  of  Waterford  that  had  to  be 
hauled  over  1,000  feet,  which,  under  the  specifications,  was  also 
classified  as  embankment. 
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The  additional  work  authorized  by  the  Canal  Board  was  for 
extending  the  lock  masonry  at  the  side  cut  and  for  building  a 
weir  to  regulate  the  flow  of  water  at  the  old  mill  near  the  weigh- 
lock. 

It  was  deemed  best  to  build  the  approaches  to  the  upper  side- 
cut  lock,  which  forms  nearly  a  right  angle  to  the  canal,  with 
dressed  instead  of  rock-faced  stone.  This  was  classified  as  lock 
masonry  and  paid  for  under  a  special  agreement. 

The  weir  referred  to  is  located  at  a  water  privilege  dating  from 
1822,  which  allowed  the  owners  to  draw  a  certain  quantity  of 
water  from  the  canal.  The  old  weir  was  so  constructed  as  to 
permit  the  use  of  a  much  larger  quantity,  and  as  it  extended 
nearly  to  canal  bottom,  the  entire  level  could  be  drained  through  it. 

In  oi*der  to  prevent  this,  it  was  decided  to  build  a  new  weir  that 
would  meet  the  requirements  of  the  grant  and  so  constructed  that 
the  water  in  the  level  could  not  be  drawn  down  low  enough  to 
impede  navigation. 

The  main  increase  in  the  cost  of  the  work  on  this  contract  was 
due  to  the  necessity  of  restoring  and  strengthening  the  towing-path 
embankment  between  lock  No.  5  and  the  Delaware  and  Hudson 
railroad  bridge.  The  prism  is  excavated  along  a  side  hill  of  gravel 
formation.  The  towipg-path  bank  is  very  high  and  rests  on 
marshy  ground.  When  the  water  was  let  into  the  canal  the  stiep- 
age  through  the  gravel  saturated  the  swamp  and  caused  the  bank 
to  settle  and  slide.  At  one  place  for  a  distance  of  about  700  feet 
the  towing-path  dropped  from  8  to  10  feet.  The  space  was  filled 
with  gravel  and  the  bank  strengthened  by  piling  and  cribs  filled 
with  stone  placed  at  the  foot  of  slope.  The  contractors  were  paid 
for  the  actual  cost  of  this  work,  with  10  per  cent,  addition  on  the 
item  of  labor  for  superintendence  and  use  of  tools. 
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CONTRACT  No.  9.— CHAMPLAIN'  CANAL. 

Dated  November  10, 1896,  John  J.  Whalen,  contractor. 

Engineer's  estimate. .  ^ |98,300  00 

Estimate  at  contract  prices 92,296  00 

Final  account 116,634  00 


This  contract  extends  from  lock  No.  7  to  lock  No.  8,  a  distance 
of  three  miles.  The  plans  provided  for  raising  the  embankment 
so  as  to  obtain  a  depth  of  seven  feet  of  water  above  the  old  estab- 
lished canal  bottom.  This  work  was  completed  and  final  account 
rendered. 

A  portion  of  this  work  was  on  very  treacherous  ground,  the 
banks  settled  considerably,  requiring  a  large  amount  of  extra 
material  to  restore  them.  It  was  also  necessary  to  place  heavy 
cribs  filled  with  stone  at  the  foot  of  the  slope  in  many  places  to 
prevent  them  from  sliding;  this,  with  the  addition  of  1,500  cubic 
yards  excavation  of  rock  above  the  estimated  quantity,  accounts 
for  the  increase  in  the  cost  of  the  work  over  the  engineer's 
estimate. 

CONTRACT  No.  10.— CHAM  PLAIN  CANAL. 

Dated  November  12,  1896,  Mahan  &  Sundstrom,  contractors. 

Engineer's  estimate \ |245,188  76 

Estimate  at  contract  prices 214,317  52 

Work  including  10  per  cent,  retained 101,040  00 


This  contract  extends  from  lock  No.  15  to  lock  No.  16,  a  dis- 
tance of  11.75  miles.  The  plans  provide  for  lowering  canal  bottom 
two  feet.  This  is  the  summit  level  of  the  Champlain  canal  and 
receives  the  water  from  the  Glens  Falls  feeder.    About  45  per 
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cent,  of  the  verticaj  "^'alls  and  30  per  cent,  of  the  slope  walls  are 
finished.  The  excavation  is  being  done  by  dredging  and  about 
60  per  cent,  will  be  taken  out  this  season. 

The  contractors  expect  to  complete  the  walls  daring  the  winter 
and  the  excavation  next  season. 

The  following  contracts  have  recently  been  awarded,  but  no 
work  has  been  done  on  them  up  to  the  close  of  the  fiscal  year: 

CONTRACT  No.  15.— ERIE  CANAL. 

Dated  September  23,  1897,  Thomas  H.  Karr,  contractor. 

Engineer's  estimate f9,677  00 

Estimate  at  contract  prices 9,122  50 


This  contract  extends  from  lock  No.  29  to  lock  No.  30,  a  dis- 
tance of  .67  mile.  The  plan  contemplates  raising  the  present 
water  surface  one  foot,  and  lowering  present  canal  bottom  one 

foot. 

CONTRACT  No.  16.— ERIE  CANAL. 

Dated  September  21,  1897,  J.  V.  Quackenbush,  contractor. 

Engineer's  estimate 1225,335  00 

ICdtimate  at  contract  prices 181,998  00 


This  contract  extends  from  lock  No.  45  to  the  east  line  of  Oneida 
county,  a  distance  of  6.77  miles.  The  plan  contemplates  lowering 
the  present  canal  bottom  two  feet. 

CONTRACT  No  17.— ERIE  CANAL. 

Dated  September  23,  1897,  Thomas  H.  Karr,  contractor. 

Engineer's  estimate |71,073  00 

Estimate  at  contract  prices 65,812  00 
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This  contract  extends  from  lock  No  19  to  lock  No.  20,  a  distance 
of  2,71  miles.  The  plan  contemplates  raising  the  water  surface 
one  foot  and  lowering  tlie  present  canal  bottom  one  foot. 

CONTRACT  No.  18.— ERIE  CANAL. 

Dated  October  13,  1897,  Lauer  &  Hagamaii',  contractors. 

Engineer's  estimate 191,905  00 

Estimate  at  contract  prices 97,301  00 


This  contra<?t  extends  fi'om  lock  No.  24  to  lock  No.  25,  a  dis- 
tance of  3.8  miles.  The  plan  contemplates  raising  the  water  aor- 
face  one  foot  and  lowering  the  present  canal  bottom  one  foot. 

CONTRACT  No.  19.— ERIE  CANAL. 

Dated  September  16,  1897,  Troy  Public  Works  Co.,  contractors. 

Engineer's  estimate f  149,280  00 

Estimate  at  contract  prices 132,678  00 


This  contract  extends  from  lock  No.  25  to  lock  No.  27,  a  dis- 
tance of  6.59  mdles.  The  plan  contemplates  raising  the  water  sur- 
ace  one  foot  and  lowering  the  pi^esent  canal  bottom  one  foot. 

(X)NTRACT  No.  23.— ERIE  CANAL. 

Dated  September  21,  1897,  Clinton  Beckwith,  contractor. 

Engineer's  estimate f  68,208  00 

E)Btimate  at  contract  prices 53,000  00 


This  contract  extends  from  lock  No.  40  to  lock  No.  41,  a  distance 
of  2.64  miles.  The  plan  contemplates  raising  the  water  surface 
one  foot  and  lowering  the  present  canal  bottom  one  foot. 
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CONTBACT  No  24.— ERIE  CANAL 

Dated  September  21,  1897,  J.  V.  Quackenba»h,  contractor. 

Engineer's  estimate 174,450  50 

Estimate  at  contract  prices 59,290  00 


This  contractt  extends  from  lock  No.  41  to  lock  No.  42,  a  dis- 
tance of  2.86  miles.  The  plan  contemplates  raising  the  water  sur- 
face one  foot  and  lowedmg  the  present  canal  bottom  one  foot. 

CONTRACT  No.  27.— ERIE  CANAL. 
l>ated  September  21,  1897,  Clinton  Beckwith,  contractor. 

Engineer's  estimate 194,489  00 

Estimate  at  contract  prices 69,829  00 


This  contract  extends  fix>m  lock  No.  39  to  lock  No.  40,  a  dis- 
tance of  2.76  miles.  The  plan  contemplates  raising  the  present 
water  surface  one  foot  and  lowering  present  canal  bottom  one 
foot 

The  following  contracts  have  been  approved  by  the  Canal  Board, 
but  have  not  yet  been  awarded: 

CONTRACT  No.  1.— ERIE  CANAL. 
Engineer's  estimate f  175,356  75 


This  contract  extends  from  lock  No.  18  to  lock  No.  19,  a  dis- 
tance of  8.86  miles.  The  plan  contemplates  raising  the  present 
water  surface  one  foot  and  lowering  the  present  canal  bottom  one 

foot 

CONTRACT  No.  14.— ERIE  CANAL. 

Engineer's  estimate f  289,626  00 


I 
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This  contract  extends  from  lock  No.  30  to  lock  No.  31,  a  di«i 

tance  of  13.84  males.    The  plan  contemplates  raising  the  present 

water  surface  one  foot  and  lowering  present  canal  bottom  one 

foot. 

CONTRACT  No.  20.— ERIE  CANAL. 

Engineer's  estimate f  143,225  00 


This  contract  extends  fi"om  lock  No.  31  to  lock  No.  32,  a  dis- 
tance of  6.31  miles.  This  plan  contem-plates  raising  the  present 
water  surface  one  foot  and  lowering  preset  canal  bottom  one 

foot. 

CONTRACT  No.  21.— ERIE  CANAL 

Engineer's  estimate f  69,895  00 


This  contract  extends  from  lock  No.  34  to  lock  No.  35,  a  dis- 
tance of  3.17  miles  The  plan  contemplates  raising  the  present 
water  surface  one  foot  and  lowering  canal  bottom  one  foot. 

CONTRACT  No.  22.— ERIE  CANAL. 
Engineer's  estimate 183,345  00 


This  contract  extends  from  lock  No.  35  to  lock  No.  30,  a  dis^ 
tance  of  4.37  miles.  The  plan  contemp'lates  raising  the  present 
water  surfat^e  one  foot  and  lowering  present  canal  bottom  one 

foot. 

CONTRACT  No.  25.— ERIE  CANAL. 

Engineer's  estimate $212,845  50 


This  contract  extends  from  bridge  No.  55  to  lock  No.  23,  a  dis- 
tance of  3.6  miles  The  plan  contemplates  lowering  the  present 
oanal  bottom  two  feet. 
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CONTRACT  Na  26.— ERIE  CANAL. 
EJngineer^s  estimate |22,334  00 


This  contract  extends  from  lock  No.  23  to  lock  No.  24,  a  dis- 
tance of  0.79  miles.  The  plan  contemplates  raising  the  present 
water  surface  one  foot  and  lowering  canal  bottom  one  foot. 

CONTRACT  No.  28.— CHAMPLAIN  CANAK 
Engineer's  estimate 185,570  00 


This  contract  extends  from  lock  No.  20  to  lock  No.  21,  a  dis- 
tance of  5.44  mdles.  The  plans  provide  for  lowering  canal  bottom 
one  foot. 

CONTRACT  No.  29.-<}HAMPLAIN  CANAL. 
Engineer's  estimate 138,294  00 


This  contract  extends  from  lock  No.  17  to  lock  No.  20,  a  dis- 
tance of  6.8  mileSy  and  covers  the  canalized  portion  of  Wood  creek. 
The  plans  provide  for  removing  the  bars  and  sediment  from  the 
creek  bottom,  the  rock  obstruction  at  the  narrows  and  repairing 
the  wallB. 

CONTRACT  No.  30.— CHAMPLAIN  CANAL. 
Emgineer's  estimate |30,897  00 


This  contract  extends  from  lock  No.  5  to  lock  No.  6,  a  distance 
of  1,400  feet,  and  also  from  lock  No.  7  to  lock  No.  8,  a  distance 
of  1.32  miles.  The  plans  contemplate  raising  the  embankment 
ajid  lowering  canal  bottom  each  one-half  foot  between  locks  Nos. 
5  and  6,  and  lowering  canal  bottom  one  foot  between  locks  Nos. 
7  and  8. 
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OONTRACJT  No.  31.— OHAMPLAIN  OANAL. 
En^neer's  etatimate f37,994  15 


This  contract  contemplates  the  rebuilding  of  arch  culvert  No. 
12,  and  also  the  rebuilding  of  the  Moses  Kill  aquedtuct  near  lock 
No.  14. 

Plans  and  estimates  for  the  following  contracts  have  not  yet 
been  9ubmitted  to  the  Canei  Board: 

CONTRACT  No.  32.— OHAMPLAIN  OANAL. 
Engineer's  estimate $90,000  00 


.  This  contract  extends  from  the  Mohawk  river,  at  Oohoes,  to  the 
south  side  of  the  Waterford  side  cut,  a  distance  of  1.04  miles. 
The  plans  contemplate  lowering  the  present  canal  bottom  to  seven 
feet  below  the  present  water  surface.    (Water  surface  unchanged.) 

CONTRACT  No.  33.— OHAMPLAIN  CANAL. 
Engineer's  estimate f  120,000  00 


This  contract  extends  from  lock  No.  8  to  lock  No.  9,  a  distance 

of  4.10  miles. 

The  plan  contemplates  raising  the  present  water  surface  0.8 

feet 

CONTRACT  No.  34.— OHAMPLAIN  CANAL. 

Engineer's  estimate f  345,000  00 


This  contract  extends  from  lock  No.  9  to  lock  No.  10,  a  distance 
of  16  miles.  The  plan  contemplates  raising  the  present  water 
(rarface  one  foot. 
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CONTRACT  No.  35.--CHAMPLAIN  CANAL. 
Engineer's  estimate  |25,000  00 


Thie  contract  extends  from  lock  No.  10  to 'lock  No.  11  (river 
level),  a  distance  of  0.64  miles.  The  plan  contemplates  raising 
the  present  water  surface  one  foot.  This  will  make  it  neceesary 
to  raise  the  river  dam  one  foot. 

CONTRACT  No.  36.— OHAMPLAIN  CANAL. 
Engineer's  estimate .  {45,000  00 


This  contract  extends  from  look  No.  11  to  lock  No.  12,  a  dis- 
tance of  1.43  miles.  The  plan  contemiplates  lowering  the  present 
canal  botto(m  to  seven  feet  below  the  present  water  surface. 
(Water  snrface  unchanged.) 

CONTRACT  No.  37.— CHAMPLAIN  CANAL. 
Engineer's  estimate   |50,000  00 


This  contract  extends  from  lock  No.  12  to  lock  No.  13,  a  dis- 
tance of  1.2  miles.  The  plan  contemplates  raising  the  present 
water  surface  one  foot  and  six  inches. 

CONTRACT  No.  38.— CHAMPLAIN  CANAL. 
Engineer's  estimate  |85,000  00 


This  contract  extends  from  lock.  No.  13  to  lock  No.  14,  a  dis- 
tance of  2.7  miles.    The  plans  contemplate  raising  the  present 

water  surface  one  foot  and  two-tenths. 

14 
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CONTRACT  Ko.^  39.— CHAMPLAIN  CANAL. 
Engineer's  estimate  |260,000  00 

This  contract  extends  from  lock  No.  14  to  lock  No.  15,  a  dis- 

•  <• 

tance  of  5.5  miles.    The  plans  contemplate  raising  the  pi*esent 
water  surface  1.3  feet. 

It  will  also  be  necessary  to  rebuild  lock  Nos.  6  and  7 — 

Estimated  cost |71,000  00 

And  lower  the  bottom  of  the  lower  side  cut  lock  and  deepen  the 

channel  fix)m  the  lock  to  the  river — 

Estimated  cost |20,000  00 


CONTRACT  No.  40— ERIE  CANAL. 
Engineer's  estimate  |97,520  00 

This  contract  extends  from  lock  No.  1  to  lock  No.  2,  a  dis- 
tance of  1.24  miles.  The  plan  contemplates  lowering  the  present 
canal  bottom  one  foot  and  raising  the  banks  and  present  water 
surface  one  foot.  ^ 

CONTRACT  No.  41.— ERIE  CANAL. 
Engineer's  estimate f  101,085  00 

This  contract  extends  from  lock  No.  2  to  the  West  Troy  side 
cut,  a  distance  of  4.57  miles.  The  plan  contemplates  lowering 
the  present  canal  bottom  two  feet. 

CONTRACT  No.  42.— CHAMPLAIN  CANAL. 

« 
Engineer's  estimate  |376,560  00 
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The  plan  contemplates  changing  present  Champlain  canal 
prism  to  the  standard  Erie  canal  dimensions  between  the  junc- 
tion of  the  two  canals  at  West  Troj  and  the  guard  lock  at  the 
south  end  of  the  Cohoes  dam  at  the  Mohawk  river,  a  distance  of 

2.36  miles. 

CONTRACT  No.  43.— ERIE  CANAL. 

p:ngineer's  estimate  |120,500  00 


This  contract  extends  from  the  foot  of  lock  No.  36  to  the  head 
of  lock  No.  37,  a  distance  of  0.61  miles.  The  plan  contemplates 
lengthening  locks  Nos.  36  and  3T;  also  raising  the  towpath  bank 
one  foot  and  lowering  the  present  canal  bottom  one  foot. 

CONTRACT  No.  44.— ERIE  CANAL. 
Engineer  s  estimate  |144,500  00 


This  contract  extends  from  the  head  of  lock  No.  37  to  the  head 
of  lock  No.  39,  a  distance  of  0.38  miles.  The  plan  contemplates 
lengthening  lock  No.  38,  lengthening  lock  No.  39,  raising  and 
lowering  the  level  one  foot  between  lock  No.  37  and  lock  No.  38, 
and  lowering  the  level  between  locks  Nos.  38  and  39  two  feet. 

CONTRACT  No.  45.— ERIE  CANAL. 
Engineer's  estimate |106,000  00 


The  plans  contemplate  raising  locks  Nos.  18,  19,  24,  25  and  26 
each  one  foot.  Lowering  lock  No.  28  two  feet  and  raising  locks 
Nos.  23  and  29  each  one  foot,  and  lowering  the  bottom  two  feet. 

CONTRACT  No.  46.— ERIE  CANAL. 
Engineer's  estimate  |72,000  00 
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The  plans  contemplate  raising  locks  Nos.  31,  35,  40  and  41  each 
one  foot.  Lowering  lock  No.  33  two  feet  and  raising  lock  No.  34 
one  foot  and  lowering  the  bottom  two  feet.  ' 

CONTRACT  No.  47.— ERIE  CANAL. 
Engineer's  estimate   f  143,000  00 


This  contract  extends  from  the  Hudson  river  at  West  Troy 
through  the  West  Troy  side  cut  into  the  Erie  canal,  and  thence 
to  the  foot  of  lock  No.  3,  a  distance  of  0.88  miles.  The  plan  con- 
templates  lowering  the  present  canal  bottom  two  feet  and  lower- 
ing the  bottom  of  the  lower  side  cut  lock  two  feet. 

CONTRACT  No.  48.— ERIE  CANAL. 
Engineer's  estimate  |60,000  00 


The  plan  for  this  contract  contemplates  building  a  steel  trunk 
for  the  upper  Mohawk  aqueduct,  the  bottom  of  which  shall  be 
two  feet  lower  than  the  bottom  of  the  present  structure. 

CONTRACT  No.  49.— ERIE  CANAL. 
Engineer's  estimate  ^210,000  00 


The  plan  contemplates  connecting  the  Erie  canal  above  lock 
No.  18  by  means  of  a  steel  aqueduct  with  the  contemplated  steel 
lift  lock  at  the  Cohoes  falls. 

CONTRACT  No.  50.— ERIE  CANAL. 
Engineer's  estimate  |490,000  00 


The  plan  contemplates  building  a  steel  lift  lock  lifting  from 
twenty  feet  below  the  present  river  bed  below  the  Cohoes  falls 
to  the  steel  aqueduct. 
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CONTRACT  No.  51.— ERIE  CANAL. 
Engineer's  estimate  |332,420  00 


The  plan  contemplates  canalizing  the  Mohawk  river  by  build- 
ing an  artificial  channel  between  the  foot  of  the  lift  lock  and  the 
guard  lock  at  south  end  of  Cohoes  dam,  where  connection  will 
be  made  with  the  present  Champlain  canal. 

EXTRAORDINARY  REPAIRS. 

(Chapter  569,  Laws  of  1895.) 

This  act  appropriated  $20,000  for  rebuilding  the  apron  to  the 
Rexford  Flats  dam.  Plans  were  prepared  and  work  advertised 
but  as  the  bids  greatly  exceeded  the  appropriation,  the  work  was 
not  let.  The  Superintendent  of  Public  Works,  however,  removed 
the  old  dilapidated  fishway  and  pier  at  east  end  of  the  dam  and 
rebuilt  that  portion  of  the  dam  occupied  by  the  fishway  and  re- 
paired the  east  abutment,  which  was  badly  undermined. 

On  August  23,  1896,  the  canal  board  set  aside  the  sum  of 
f9,424  from  chapter  947,  Laws  of  1896,  to  be  added  to  the  unex- 
pended balance  of  |13,149.48,  and  the  work  was  again  advertised. 
Owing  to  the  risk  involved  on  a<3count  of  sudden  freshets,  the 
bids  again  exceeded  the  estimate,  principally  in  the  item  of  bail- 
ing and  draining. 

On  June  24,  1897,  the  canal  board  set  aside  an  additional  sum 
from  chapter  566,  Laws  of  1897,  and  the  contract  was  let  to 
Whalen  &  Higgins,  September  14th.  The  contractors  are  now 
delivering  material. 

(Chajpter  98,  Laws  of  1896.) 

This  act  appropriated  $5,000  for  a  new  steel  bridge  over  the 
Glens  Falls  feeder,  at  Glens  Falls.    This  bridge  replaced  an  old 
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structure  which  had  been  condemned.  The  contract  was  let  to 
the  Hilton  Bridge  Company,  February  11,  1897,  and  was  com- 
pleted May  first. 

(Chapter  158,  Laws  of  1896.) 

This  act  appropriated  |2,000  to  prevent  the  formation  of  ice 
gorges  in  the  Racquette  river  at  Raymondville,  St.  Lawrence 
county.  After  a  careful  examination  of  the  situation,  no  practi- 
cal method  seemed  apparent  that  could  be  carried  out  within  the 
limits  of  the  appropriation  and  on  the  strength  of  a  petition,  gen- 
erally signed  by  the  citizens  of  that  village,  it  was  decided  to  con- 
struct a  crib  dam  across  the  river  which  would  form  a  pond  that 
would  freeze  over  solid  and  thus  prevent  the  flow  of  anchor  ice 
which  caused  the  trouble. 

The  contract  for  constructing  the  dam  was  let  to  William 
Coats,  August  31,  1897.     This  work  is  now  under  way. 

(Chapter  364,  Laws  of  1896.) 
This  act  appropriated  |5,000  for  building  a  stone  arch  culvert 
at  Second  street,  Waterford,  over  the  stream  flowing  from  the 
weigh  lock.    The  contract  was  let  to  Michael  Bennett  September 
5,  1896  and  completed  the  following  winter. 

f 

(Chapter  348,  Laws  of  1896.) 
This  act  appropriated  f5,000  for  deepening  and  widening  the 
canal  between  Shinnecock  and  Great  South  Bays  in  the  county  of 
Suffolk.  The  old  channel  was  not  of  sufficient  capacity  to  permit 
a  free  circulation  of  water  between  the  two  bays,  which  resulted 
in  the  waters  at  the  upper  end  of  Great  South  Bay  becoming 
stagnant.  This  destroyed  the  fish  and  oyster  industries,  as  well 
as  being  a  menace  to  the  health  of  the  people  living  in  that 
vicinity.  Plans  were  prepared  for  dredging  a  channel  30  feet 
wide  at  bottom,  5  feet  deep  and  with  side  slopes  with  IJ  to  1. 
The  contract  was  let  to  P.  J.  Brummelkamp,  December  7,  1896. 
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An  additional  appropriation  of  f  5,000  was  granted  under  chapter 
790,  Laws  of  1897  for  continuing  the  work. 

(Chapter  947,  Laws  of  1896.) 

This  act  appropriated  f  125,000  for  the  eastern  division  of  the 
canals  to  be  expended  by  the  Superintendent  of  Public  Works 
in  extraordinary  repairs  and  improvements  to  the  mechanical  and 
other  constructions  and  works  on  the  canals,  out  of  this  fund. 
The  following  work  has  been  done  by  contract.  Rebuilding  lock 
No.  9,  Ohamplain  canal,  contract  awarded  to  J.  J.  Cunningham, 
September  26,  1896 — work  was  completed  May  1,  1897. 

Eepairs  to  steel  dam  across  the  Mohawk  river  at  Cohoes.  A 
portion  of  this  structure  which  was  built  in  1893  was  badly 
damaged  by  ice.  The  contract  for  restoring  the  same  was  let  to 
Cunningham  &  Monty,  October  5,  1896,  and  was  completed  Jan- 
nary  1, 1897. 

Rebuilding  waste  weir,  Glens  Falls  feeder.  This  structure 
had  been  closed  during  the  previous  season  leaving  no  means  of 
<;;ontrolling  the  water  in  the  feeder,  except  through  a  small  wicket 
near  the  guard  lock.  Contract  was  awarded  to  Jeremiah  Adams, 
March  15, 1897,  work  completed  May  first. 

iSteel  Road  and  Change  bridge  over  the  Erie  canal  at  junction 
with  the  Champlain  canal.  This  bridge  replaced  the  old  cast  iron 
structure  which  had  long  been  regarded  as  unsafe.  Contract 
was  awarded  to  the  Hilton  Bridge  Company,  March  1, 1897. 

Steel  bridge  on  three  mile  level,  Champlain  canal,  known  as 
Wilson's  road  bridge,  and  steel  bridge  on  twelve  mile  level,  Cham- 
plain canal,  known  as  Farm  bridge  No.  102.  These  replaced  old 
wooden  bridges.  They  cost  f660  and  f630  respectively,  which 
was  about  the  cost  of  renewing  the  wooden  structures.  Con- 
tracts for  the  above  were  let  to  the  Hilton  Bridge  Company, 
April  9, 1897. 
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(Chapter  949,  Laws  of  1896.) 
This  act  appropriated  |1,500  for  repairs  to  Drake's  draw-bridge 
over  Wappinger  creek,  near  New  Hamburg,  Dutchess  county. 
By  act  chapter  239,  Laws  of  1892,  this  bridge  became  a  State 
charge,  the  above  appropriation  was  for  repairing  the  bridge  and 
improving  the  approaches  thereto ;  contract  was  let  to  Oscar  P. 
Hilt,  April  29,  1897.     Work  is  now  under  way. 

(Chapter  105,  Laws  of  1897.) 
This  act  appropriated  fl8,000  for  building  a  lift  bridge  over 
the  Erie  canal  at  Railroad  street  in  the  village  of  Ilion.    The 
contract  was  let  to  the  Hilton  Bridge  Comipany,  July  26,  1897. 
The  work  is  now  under  way. 

(Chapter  577,  Laws  of  1897.) 
This  act  appropriated  f 4,000  for  building  a  bridge  and  abut- 
ments over  the  side-cut  at  Fourth  street  in  the  village  of  Water- 
ford.    The  contract  was  let  to  the  Havana  Bridge  Worka^  Sep- 

tember  30, 1897. 

(Chapter  391,  Laws  of  1897.) 

This  act  appropriated  |15,000  for  continuing  the  toppgraphio 

survey  of  the  State.    The  work  is  being  done  under  the  direction 

of  the  U.  S.  Geological  Survey. 

(Chapter  798,  Laws  of  1897.) 
This  act  appi*opriated  f 7,500  for  making  surveys  and  maps  for 
the  Board  of  Claims  under  the  direction  of  the  attorney-general.. 
Mr.  T.  C.  Leutze  has  had  charge  of  this  work. 

The  accompanying  tables  show  contracts  completed  and  final 
estimates  rendered  during  the  year  and  contracts  pending  Sep- 
tember 30,  1897. 

Respectfully  submitted, 

DEWITT  C.  SMITH, 

Division  Engineer^ 


Middle  Division. 


Syracuse,  N.  Y.,  September  30,  1897. 
Hon.  Oampbbll  W.  Adams,  State  Engineer  and  Survepory  Albany, 
N.  y.; 

Dear  Sir. — In  accordance  with  you  instructions,  I  have  the 
honor  herewith  to  submit  my  annual  report  for  the  fiscal  year 
ending  September  30,  1897,  so  far  a«  it  relates  to  the  work  of 
improvement  to  the  middle  division  of  the  Erie  and  Oswego 
canals. 

The  several  parties  as  organized  on  October  1,  1896,  were  em-, 
ployed  in  completing  surveys,  maps,  plans  and  estimates  pre- 
paratory to  placing  the  work  under  contract,  and  as  this  work 
was  finished  the  engineering  force  was  from  time  to  time  reduced 
temporarily  until  such  time  as  the  contractors  commenced  work 
ander  their  contracts,  since  which  time  the  force  has  been  grad- 
ually increased  as  necessity  required. 

It  has  been  my  aim  to  keep  the  force  and  expenses  at  a  mini- 
mum in  accordance  with  your  instructions,  but  during  the  com- 
ing winter  the  force  must  be  largely  augmented  in  order  that  the 
contractors  may  not  be  delayed  in  the  prosecution  of  their  work. 

In  order  that  a  full  understanding  of  the  (condition  of  the 
work  upon  each  contract  and  the  difficulties  that  have  been 
-encountered  upon  much  of  the  work,  the  following  statement  is 
4EiQbmitted  for  your  further  information. 
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CONTRACT  No.  1. 

Dated,  November  19,  1896.    Thomas  J.  Dwyer  &  Company^ 

contractors. 

Engineer's  estimate  f  136,468  00 

Additional  work  authorized  by  canal 

board 686  00 

1137,154  00 

Estimate  at  contract  prices 125,520  00^ 

Work  done  including  10  per  cent,  retained 165,270  00* 


This  contract  extends  from  the  east  line  of  Oneida  county,  to« 
a  point  100  feet  below  the  hollow  quoin  of  lock  No.  46,  a  distance 
of  3.33  miles. 

The  contractors  commenced  work  promptly  after  the  execution-, 
of  the  contract  and  prosecuted  it  diligently  until  the  opening  of 
navigation  last  spring,  since  which  time  the  work  done  wa»^ 
mostly  confined  to  the  delivery  of  material  for  future  use. 

The  plan  adopted  provides  for  lowering  canal  bottom  two  feet 
the  entire  length  of  the  Utica  level,  as  being  more  economical 
than  raising  the  surface,  on  account  of  the  many  bridges  that 
would  require  raising  and  the  probable  damage  to  property  in 
the  city  of  Utica,  from  flooding  cellars  and  disarranging  streets 
and  business  blocks.  The  excavation  of  prism  is  about  5-6  com- 
pleted. 

The  work  will  when  completed  largely  exceed  the  engineer's 
estimate  for  the  following  reasons.  The  rock  classification^ 
mostly  hard-pan  that  cannot  be  plowed,  will  show  an  increase  of 
35,000  cubic  yards.  Embankment  will  probably  be  increased 
75,000  cubic  yards,  owing  to  the  fact  that  material  excavated 
and  necessarily  moved  over  1,000  feet  is  allowed  under  the  speci- 
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fications  as  embankment,  and  in  the  citv  of  XTtica  no  land  for 
spoil-banks  could  be  secured  for  over  half  the  material  exca- 
vated. 

The  items  of  vertical  wall  and  concrete  will  be  increased' 
largely.  It  was. expected  that  the  old  vertical  wall  could  be 
preserved  by  under  pinning  with  concrete,  and  much  of  the  old 
wall  was  so  treated  before  it  was  discovered  that  the  wall  was 
simply  a  veneer  of  stone  without  bond  or  backing  and  would 
not  stand  its  own  weight,  and  for  a  long  distance  the  wall  fell 
into  the  prism  just  before  the  canal  navigation  ox)ened,  and  this 
wall  will  have  to  be  rebuilt. 

The  property  owners  having  business  connections  with  the 
canal  are  clamoring  for  vertical  wall  where  none  has  heretofore 
existed;  to  what  extent  their  demands  will  be  granted,  will 
develop  before  the  contract  is  completed. 

^Items  of  extra  work  not  provided  for  in  the  contract  amounting 
to  $5,219.38  have  been  passed  upon  and  allowed. 

These  are  the  principal  items  of  increase  which  were  not  pro- 
vided for  in  the  estimate  prepared  for  letting  the  work. 

The  w^ork  under  this  contract  will  be  completed  the  coming 
winter. 

CONTRACT  No.  2. 

■ 

Dated,  November  17,  1896.     McDonald  &  Say  re,  contractors. 

Engineer's  estimate |185,078  30 

Additional  w^ork  authorized  by  canal 

board 21,811  56 

1206,889  86 

Estimate  at  contract  prices 148,948  80 

Work  done  including  10  per  cent,  retained 200,070  00 
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This  contract  extends  from  a  point  100  feet  below  the  lower 
hollow  quoins  of  lock  No.  49,  to  a  point  100  feet  below  the  lower 
hollow  quoins  of  lock  No.  50,  a  distance  of  4.94  miles. 
•  Work  under  this  contract  has  been  vigorously  prosecuted  by 
the  contractors  and  a  comparatively  small  amount  of  work  yet 
remains  to  be  done. 

The  plan  adopted  for  improving  the  Syracuse  level  is  the  same 
as  described  on  contract  No.  1,  and  for  same  reasons  the  work 
will  materially  exeeed  the  original  estimate  in  items  of  excava- 
tion of  rock  and  embankment.  While  the  old  vertical  wall  upon 
this  contract  is  better  than  upon  contract  No.  1,  a  considerable 
quantity  was  too  poor  to  stand  undermining  preparatory  to 
underpinning  and  had  to  be  rebuilt. 

The  old  timber  docking  on  top  of  vertical  walls  will  be  re- 
placed with  stone  coping,  and  the  towing  path  subgraded  and 
relined  by  direction  of  the  Superintendent  of  Public  Works  De- 
partment. 

The  work  included  in  this  contract, will  easily  be  completed 
the  ooming  winter. 

ADDITIONAL  WORK  AUTHORIZED  BY  CANAL  BOARD. 

Tliis  item  occ»urred  in  contracts  1,  2,  3,  4  and  5,  to  so  large 
an  extent  that  an  explanation  is  this  connection  will  be  proper. 

The  work  accomplished  last  winter  in  excavation  of  silt  and 
puddling  from  the  prism,  opened  up  many  leaks  in  embank- 
ments, some  of  which  were  extremely  dangerous.  After  full 
discussion  of  the  question  of  how  to  stop  the  leaks,  it  was  de- 
cided as  the  only  feasible  plan,  to  drive  tripple  lap  sheet  piling 
through  the  banks  at  the  points  developing  the  worst  leaks. 
After  the  first  trial  it  was  evident  that  the  best  plan  had  been 
selected.     Estimates  were  made  and  approved  by  the  State  En- 
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gineer  and  Surveyor  and  the  Superintendent  of  Public  Works 
and  adopted  by  the  canal  board,  as  a  change  of  plan.  This  char- 
acter of  work  will  without  doubt  be  found  necessary  on  other 
contracts  and  will  have  to  be  provided  for  as  the  emergency 
developes.  In  the  original  estimates,  no  provision  was  made 
for  this  work  as  it  was  not  known  to  what  extent  if  any,  leaks 

would  develop. 

CONTBAOT  No.  3. 

Dated,  November  14,  1896.    John  Dunfee  and  Company,  con- 
tractors. 

Engineer's  estimate f  127,780  50 

Additional  work  authorized  by  canal 

board 33,759  62 


1161,640  12 

Estimate  at  contract  prices 136,842  00 

Work  done  including  10  per  cent,  retained 153,470  00 


This  contract  extends  from  a  point  100  feet  west  of  upper  hol- 
low of  lock  No.  50  to  a  point  100  feet  west  of  center  of  Camillus 
road  bridge,  a  distance  of  3.92  miles. 

The  plan  adopted  for  improving  this  contract  contemplates 
lowering  the  bottom  of  the  prism  one  foot  and  raising  the  sur- 
face one  foot. 

The  work  on  this  contract  is  nearly  completed,  from  the  east 
end  of  the  contract  of  nine  mile  creek  aqueduct.  West  of  that 
point  the  prism  is  not  entirely  excavated  and  the  top  of  banks 
are  yet  in  an  unfinished  state. 

Camillus  feeder  is  bottomed  out  for  about  three-quarters  of  its 
length.  The  feeder  dam  and  bridge  are  completed,  and  the  new 
culvert  under  feeder  to  carry  off  water  from  the  swamp  south 
of  the  canaJ  is  finished,  as  is  the  ditch  leading  thereto. 
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The  bridges  are  all  raised  but  one,  and  the  masonry  completed. 
The  amount  of  work  remaining  to  be  done  on  this  contract  is 
so  small,  that  it  will  easily  be  completed  the  coming  winter. 

CONTRACT  No.  4. 

Dated,  November  14,  1896.    John  Dunfee  and  Company,  con- 
tractors. 

Engineer's  estimate |138,931  50 

Additional  work  authorized   by  canal 

board 70,460  00 

f209,391  50 

Estimate  at  contract  prices 154,471  00 

Work  done  including  10  per  cent,  retained 259,570  00 


mX. 


This  contract  extends  from  a  point  100  feet  west  of  Camillus 
road  bridge  to  a  point  100  feet  west  of  Peru  road  bridge,  a  dis- 
tance of  6.31  miles  through  the  summit  swamp. 

In  preparing  the  preliminary  estimate  for  contracts  Nos.  3,  4 
and  5,  consisting  of  the  Jordan  level,  the  conditions  and  difficul- 
ties to  be  encountered  to  lower  the  prism  one  foot  were  not  under- 
stood and  could  not  have  been  anticipated.  For  about  5  miles 
the  canal  is  cut  through  a  swamp,  the  surface  of  adjoining  land 
is  several  feet  above  surface  of  water  in  the  canal  and  upon 
either  bank  the  material  originally  excavated  was  deposited  form- 
ing heavy  banks.  The  surface  soil  is  muck,  underneath  which  is 
quicksand  and  marl  reaching  in  some  places  40  feet  in  depth 
below  canal  bottom.  The  surface  of  the  swamp  being  high 
enough,  was  drained  into  the  canal  as  no  other  remedy  has  been 
provided;  in  order  to  do  the  work  in  the  prism  all  these  streams 
had  to  be  closed,  thus  allowing  the  swamps  to  fill  with  water.  As 
a  result  the  whole  mass  of  marl  and  quicksand  became  soapy  to 
such  an  extent  that  the  material  in  the  bottom  of  the  prism  would 
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raise  faster  than  it  could  be  removed  with  modern  dredges.  The 
heavy  spoil  banks  settled,  raising  the  prism  and  carrying  down 
the  towing-path  and  old  slope  wall  and  the  bench  on  which  it 
rested  on  the  berme  side.  About  one-half  of  the  length  of  the 
contract  has  been  excavated  and  slope-walls  built.  Just  before 
the  opening  of  the  canal,  the  towing-path  settled  several  feet  and 
the  only  remedy  available  was  adopted  by  bridging  with  material 
on  hand  and  planking  the  surface  for  a  towing-path.  The  most 
difficult  portion  of  the  work  is  yet  to  be  done.  How  to  change  the 
conditions  to  enable  the  contractors  to  do  the  work  was  a  ques- 
tion of  serious  moment.  After  a  thorough  conference  with  the 
State  Engineer  and  Sui)erintendent's  department,  it  was  finally 
agreed  that, 

First.  The  swamps  must  be  drained. 

Second.  That  in  order  to  form  a  foundation  for  slope-wall  and 
to  prevent  the  material  raising  in  the  prism  at  each  side  from  the 
•weight  of  the  heavy  spoil  banks  upon  both  sides  of  the  canal,  it 
was  decided  to  drive  a  close  row  of  piles  at  the  toe  of  slope- wall 
through  the  soapy  material  into  the  underlaying  strata  of  hard 
material  ranging  from  15  to  40  feet  upon  which  as  a  foundation 
the  slope  wall  will  be  built. 

In  order  to  drain  the  swamp,  it  was  decided  to  construct  a  cul- 
vert under  the  nine  mile  creek  feeder  on  contract  No.  3,  to  give 
an  outiet  into  nine  mile  creek,  and  excavate  ditches  upon  both 
bides  of  the  canal  through  the  swamp  covered  with  timber  of  suffi- 
cient capacity  to  drain  the  swamp  without  allowing  it  to  enter  tlje 
canal.  This  work  and  the  piling  not  contemplated  at  time  of 
making  the  estimate  will  cost  about  $80,000. 

The  material  in  the  prism  in  much  of  the  distance  completed 
was  quadrupled  from  raising.      Slope  and  vertical  walls  and 
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bridge  abatments  after  completion  would  slide  into  the  canal  and 
haye  to  be  relaid,  some  times  more  than  once.  The  troubles  en- 
countered  upon  this  contract  are  so  serious  and  various,  that  an 
attempt  at  description  will  give  but  an  incomplete  idea  of  their 
magnitude,  and  an  approximate  estimate  of  the  final  cost  of  the 
work  cannot  now  be  made;  but  if  the  result  from  ditches  and 
pile  protection  proves  all  that  is  anticipated,  the  work  to  com- 
plete the  contract  will  be  comparatively  easy  and  will  be  done 
without  doubt,  the  coming  winter. 

I  have  prepared  the  foregoing  statement  not  as  a  justification 
of  the  cost  of  work  under  this  contract  in  excess  of  the  estimate 
made  prior  to  letting  the  work,  but  as  a  matter  of  history  of  the 
most  difficult  work  in  all  its  surroundings  upon  the  eanals  of 
this  State^  and  I  know  that  this  effort  falls  far  short  of  doing  full 

justice. 

OONTBACT  No.  5.— ERIE  OANAL. 

Dated,  November  14,  1897.  John  Dunfee  and  Company,  con- 
tractors. 

Engineer's  estimate 9141,444  50 

Additional  work  authorized  by  canal 

board 23,798  00 

f  165,242  50 

Estimate  at  contract  prices 150,614  40 

Work  done  including  10  per  cent,  retained 128,530  00 


'        '— *- 


This  contract  extends  from  a  point  100  feet  west  of  the  center 
of  Peru  road  bridge  to  a  point  100  feet  west  of  the  lower  hollow 
quoin  of  lock  No.  51,  a  distance  of  4.68  miles. 

The  work  upon  this  contract  is  well  advanced,  but  a  small  por- 
tion of  the  excavation  of  the  prism  and  raising  banks  and  walls 
remains  to  be  done. 
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The  culvert  at  Oarpenter  brook  gave  considerable  trouble  last 
winten  in  consequence  of  high  water  in  the  creek  raising  the 
covering  timbers  and  flooding  the  work  in  progress  on  contracts 
Nos.  4  and  5.  This  is  a  compo€dte  culvert  of  three  spaces  3  by  4 
feet  each,  and  is  entirely  inadequate  to  carry  the  stream  in  high 
water^  This  structure  should  be  rebuilt  with  three  cast  iron 
pipes  42  inches  in  diameter  and  the  ditch  below  bottomed  and  en- 
larged so  as  to  allow  free  flow  instead  of  over  a  breast  wall  four 
feet  high.  An  additional  estimate  for  this  work  will  be  prepared 
for  submission  to  the  Honorable,  the  Canal  Board,  at  an  early 
day. 

After  opening  of  navigation  last  spring,  the  banks  between 
Jordan  and  lock  No.  61,  leaked  badly  and  a  break  was  feared  un- 
less protected  by  sheet  piling.  An  estimate  of  cost  was  prepared 
amounting  to  123,798,  and  the  work  was  authorized  by  the  Hon- 
orable, the  Canal  Board,  and  has  been  done,  removing  all  danger. 

This  contract  will  be  completed  by  the  opening  of  navigation 
next  spring. 

CONTRACT  No.  6.— OSWEGO  CANAL. 

Dated  December  8,  1896,  Dodge  &  McGregor,  contractors. 

Engineer's  estimate  |14,497  00 

Estimate  at  contract  prices 12,206  00 

Work  done,  including  10  per  cent,  retained 10,840  00 


This  work  consists  of  building  a  stone  apron  to  a  portion  of 
Phoenix  dam  and  work  connected  therewith. 

The  apron  will  be  cut  stone,  30  inches  deep  and  20  feet  in 

width,  and  new  steel  bulkheads  to  supply  the  mills  with  water 

in  place  of  the  old  wooden  structures, 

15 
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The  work  of  inserting  the  new  bulkheads  is  completed  and  the 
cut  stone  for  the  apron  is  on  the  ground.  The  work  preparatory 
to  laying  is  being  done. 

The  use  of  this  dam  so  long  after  the  timber  apron  was  carried 
away  has,  from  the  action  of  the  water,  become  badly  under-' 
mined,  and  is  in  a  precarious  condition,  and  the  apron  must  be 
completed  before  high  water  occurs  in  the  river  or  the  whole 
dam  may  be  carried  away. 

CONTRACT  No.  7.— OSWEGO  CANAL. 

Dated  October  1,  1896,  John  Kelley  &  Co.,  contractors. 

Engineer's  estimate |12,618  00 

Estimate  at  contract  prices 10,696  00 

Work  done,  including  10  per  cent,  retained 5,020  00 


f 


This  work  consists  of  raising  Braddock's  dam  and  work  con- 
nected therewith. 

The  spillway  of  the  dam  will  be  raised  1.25  feet  with  new  stone 
coping.  All  abutments  and  piers  will  be  raised,  and  the  head  of 
guard  lock  No.  4  has  been  raised  and  new  gates  inserted. 

The  dressed  stone  for  the  entire  work  is  prepared  and  all  will 
be  laid  this  season,  except  on  the  spillway,  which  will  probably 
have  to  go  over  until  next  year. 

CONTRACT  No.  8.— OSWEGO  CANAL. 

Dated  November  16,  1896,  John  Kelley  &  Co.,  contractors. 

Engineer's  estimate  f  15,333  00 

Estimate  at  contract  prices 13,425  50 

Work  done,  including  10  per  cent,  retained 9,290  00 


This  work  consists  of  raising  Minetto  dam  and  work  connected 
therewith. 
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The  spillway  of  the  dam  will  be  raised  about  1.25  feet  with  new 
«tone  coping.  All  abutments,  piers  and  the  head  of  lock  No.  13 
have  been  raised,  and  the  new  gates  inserted  at  the  head  of  the 
lock. 

New  steel  bulkheads  have  been  put  in  place  and  the  necessary 
guard  banks  are  in  process  of  construction. 

All  the  work  under  this  contract  will  be  done  this  season 
except  laying  coping  on  the  spillway,  which  will  probably  go 
■over  until  next  year. 

CONTRACT  No.  9.— OSWEGO  CANAL. 

Dated  November  16, 1896,  John  Kelley  &  Co.,  contractors. 

Engineer's  estimate |20,049  00 

Estimate  at  contract  prices 17,801  00 

Work  done,  including  10  per  cent,  retained 12,730  00 


This  work  consists  of  raising  High  dam  and  work  connected 
therewith.  The  spillway  of  the  dam  will  be  raised  about  two 
feet  with  new  stone  coping,  and  the  abutments  and  piers  and 
bead  of  lock  No.  15  have  been  raised  and  new  gates  inserted  in 
iiead  of  lock.  New  steel  bulkheads  have  been  put  in  place.  The 
necessary  guard  banks  will  be  built.  The  stone  for  coping  of 
spillway  is  all  dressed  and  mostly  delivered. 

It  is  expected  that  all  the  work  under  this  contract  will  be 
completed  this  fall,  except  raising  the  spillway* 

The  stone  for  raising  the  three  dams  under  contract  with  John 
Kelley  &  Co.  are  to  be  procured  at  Sugar  river  on  Black  River 
canal;  orders  were  repeatedly  given  to  the  contractors  to  in- 
<;rea8e  their  force  so  as  to  insure  the  delivery  of  all  the  stone  at 
the  work  by  September  1st,  which  would  be  in  time  to  complete 


• 
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the  work  by  December  Ist,  but  the  work  was  allowed  to  drag 
along  and  when  the  break  in  the  Forestport  feeder  occurred  on 
July  23d,  thereby  closing  the  Black  River  canal  for  one  month,  a 
large  proportion  of  the  stone  were  undelivered,  and  after  re- 
opening the  canal  it  was  too  late  to  deliver  them  at  the  dams  and 
set  them  this  season. 

The  stone  will  all  be  delivered  before  the  close  of  navigation 
and  placed  in  the  work  next  season.  Had  the  contractors  com- 
plied with  the  orders  given  them,  the  work  could  have  been 
completed  this  season. 

CONTRACT  No.  10.— OSWEGO  CANAL. 

Dated  November  20, 1897,  Hughes  Bros.  &  Bangs,  contractors- 
Engineer's  estimate $48,058  Oa 

Estimate  at  contract  prices 51,370  50 

Work  done,  including  10  per  cent,  retained 35,940  00^ 


This  work  consists  of  raising  Oswego  dam  and  work  connected 
therewith.  The  work  connected  therewith  consists  of  a  new 
bulkhead  complete  with  stone  abutments  and  piers  and  steel 
gate  frames  and  gates  at  the  head  of  the  hydraulic  canal  on  the 
east  side  of  the  river,  repairing  inlet  culvert  on  towing-path 
above  guard  lock  No.  5,  raising  head  of  guard  lock  No.  6  an^  in- 
sertion of  new  gates,  raising  division  wall  between  lock  and  dam,, 
raising  spillway  of  dam  about  2.25  feet  and  raising  walls  to  lock 
at  the  entrance  to  the  Varick  canal  and  insertion  of  new  gates,, 
and  new  steel  bulkheads  on  the  west  side  of  the  river,  all  to  be 
raised  to  proper  height  to  hold  back  high  water. 

This  work  is  nearly  completed  and  will  be  entirely  finished 
within  thirty  days,  except  coping  on  the  dam,  which  will  prob- 
ably have  to  remain  until  next  season. 
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In  explanation  of  the  disparity  between  engineer's  estimate 
and  estimstte  at  contract  prices,  the  item  of  coping  was  changed 
after  the  estimate  was  made  from  limestone  to  granite^  increas- 
ing the  cost  of  the  work  about  |9,000. 

All  the  work  thus  far  done  on  the  several  dams  is  of  the  most 
substantial  character. 

OONTRAOT  No.  11.— OSWEGO  CANAL. 
Dated  November  18, 1896,  Bajnderson  &  Seward,  contractors. 

Engineer's  eetimiate |36,571  00 

Estimate  ai  contract  prices 30,345  46 

Final  account 32,182  28 

This  contract  provides  for  "  improving  Lake  Ontario  level  from 
a  point  100  feet  below  the  lower  hollow  quoiuB  of  lock  No.  18  to  a 
point  in  the  bottom  of  the  harbor  at  Oswego,  10  feet  below  U.  S. 
datum."  ' 

This  work  was  done  during  the  past  winter  and  spring,  giving 
full  ten  feet  of  water  below  low  water  in  Lake  Ontario,  as  fixed 
by  the  U.  S.  Engineering  Department. 

As  water  in  Lake  Ontario  at  times  gets  somewhat  below  the  U. 
6.  benchmark,  it  was  deemjed  safe  to  provide  for  ten  feet  of  water. 
The  harbor  work  was  done  by  under- water  blasting,  and  removal 
of  the  rock  by  dredging,  and  i>aid  for  as  wet  excavation  of  rock. 

From*  the  harbor  line  to  lock  No.  18  the  pit  was  pumiped  and 
rock  removed  as  dry  excavation  of  rock. 

CONTRACT  No.  12.— ERIE  CANAL. 
Dated  November  19, 1896,  Thomas  J.  Dwyer  &  Co.,  oontractora. 

Engineer's  estimate f  16,482  00 

Estimate  at  contract  prices 16,195  50 

Pinal  account 18,751  15 
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This  contract  provides  for  "  imppoving  lock  No.  46  and  work 
connected  therewith.'' 

Owing  to  the  reduction  of  the  bottom  of  prism  on  the  Utica  and 
Syracnse  levels  of  two  feet,  it  became  necessary  to  lower  locke 
Nob.  46,  49  and  50,  two  feet.  To  do  this  wofk  without  taking  up 
the  entire  lock  and  lowering  the  foundation  and  rebuilding  the 
locks  at  great  expense,  it  was  decided,  after  careful  study,  making 
several  plans,  to  adopt  the  plan  herewith  submitted,  thus  making 
a  saving  of  at  least  $250,000.  While  the  plan  was  somewhat 
novel,  and  many  thought  hazardous,  the  result  haa  fully  justified 
the  saving. 

The  contractors  performed'  this  woi-k  with  great  care,  and  no 
fear  is  entertained  for  the  safety  of  the  structures. 

This  work  slightly  exceeded  the  estimate,  principally  owiuig  to 
conditions  discovered  in  the  foundations,  which  were  not  antici- 
'pated  and  it  was  imperatively  necessary  they  should  be  corrected 
ini  order  that  the  locks  be  preserved. 

CONTRACT  No.  13.— ERIE  CANAL. 

Dated  November  20,  1896,  Hughes  Bros.  &  Bangs,  contractors. 

Engineer's  eetiimate |16,193  50 

Estimate  at  contract  prices 15,352  00 

Work  done,  including  10  per  cent,  retained 15,570  00 

I ■■  ■  — 

This  contract  provides  for  "improving  lock  No.  49  and  work 
connected  therewith." 

The  work  consisted  of  lowering  foundation  two  feet,  as  in  con- 
tract No.  12.  The  work  is  nearly  completed,  there  remaining 
only  raising  the  banks  and  vertical  walls  at  head  and  foot  of  the 
lock. 
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The  work  will  elighitly  exceed  the  enigineer'B  estimate,  from  the 
necessity  of  building  vertical  wall  at  foot  of  lock,  in  excess  of 
aanonnt  estimated. 

OONTRAOT  No.  14.— ERIE  OANAL. 

Dated  November  16,  1897,  John  Kelley  &  Oo.,  oontraetors. 

Engineer's  estimate |16,447  00 

Estimate  at  contract  prices 15,357  00 

Final  account 17,867  05 


This  contract  provided  for  "improving  lock  No.  50  and  work 
connected  therewith." 

The  work  consisted  of  lowering  foundation  two  feet,  as  in  con- 
tracts Noe.  12  and  13,  and  is  completed  and)  settled. 

Some  work  developed  that  was  not  anticipated,  which  slightly 
increased  the  cost  over  the  Engineer's  estimate. 

The  usual  10  per  cent,  allowed  for  contingencies  has  not  been 
included  in  any  estimate  for  improvement  work. 

(X)NTRACT  No.  15.— OSWEGO  OANAL. 

Dated  November  16,  1896,  Walter  Bradley,  contractor. 

Engineer's  eatimate 166,144  00 

Estimate  at  contract  prices 62,191  40 

Work  done,  including  10  per  cent,  retained 20,160  00 


This  contract  provides  for  rebuilding  and  lengthening  lock  No. 
18  and  other  work  connected)  therewith. 

The  work  consists  of  taking  up  the  present  lock,  lowering 
foundation  to  grade,  establishing  ten  feet  of  water  below  U.  S. 
low-water  benchmark,  and  building  double-length  lock. 
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The  woa*k  done  thus  far  coneists  in  preparing  and  delivering 
material.  As  soon  as  navigation  clones  the  work  will  be  c(ral^ 
mjenced,  and  must  be  oompleted  before  the  opening  of  navigation 
next  spring. 

CX)NTRACT  No.  16.— OSWEGO  CANAL. 

Dated  December  7,  1896,  Edwin  Lodder,  contractor. 

Engineer's  estimate |67,500  00 

Estimate  at  contract  prices 73,925  00 

Pinal  account 100,075  15 


This  contract  extends  from  a  point  100  feet  below  the  lower 
hollow  quoin  of  guard  lock  No.  3  to  a  point  100  feet  above  the 
upper  hollow  quoin  of  lock  No.  11,  a  distance  of  2.51  miles. 

This  work  is  completed  and  final  account  rendered.  Owing  to 
a  rearrangement  of  the  level,  made  neceesary  by  the  final  decision 
to  raise  Oswego  Falls  dam  after  this  work  was  let  and  in  progress, 
work  under  this  contract  was  increased  by  raising  banks  and 
walls,  but  the  work  on  the  level  above  will  be  reduced  in  conse- 
quence of  raising  the  dam.  Another  item  of  increase  consists  of 
rebuilding  vertical  wall  wliere  it  failed  during  the  prosecution 

■ 

of  the  work.  There  is  miuch  more  vertical  wall  which  should  be 
rebuilt,  as  it  is  in  very  bad  condition  and  is  liable  to  fall  at  any 
time  As  it  may  stand  a  year  or  two,  it  was  decidied  to  let  it 
remain,  although  the  people  of  Fulton  much  desired  a  further  ex- 
tension of  new  wall. 

If  any  portion  of  the  old  wall  is  yet  to  be  rebuilt,  it  should  be 
done  from  other  funds,  as  the  wall  has  in  no  way  been  affected 
by  the  improvement. 
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OONTBAOT  No.  17.— ERIE  OANAL. 

Dated  December  14, 1896,  Owego  Bridge  Co.,  contractare. 

Engineer's  eetinMute f  11,236  00 

Efittmia/te  at  contract  prices 8,893  00 

Work  done,  including  10  per  cent,  retained. . .  ^ 8,840  00 

I  a 


This  contract  provides  for  rebuilding  Ganasaraga  Greek  culvert. 
The  old  culvert  haa  ten  spaces  2^  x  4  feet  of  composite  construc- 
tion, much  too  small  to  carry  the  stream  in  time  of  high  "water. 

The  new  structure  is  of  stone,  brick  and  steel,  of  five  spaces 
8  feet  2  inches  by  3  feet  6  inches. 

The  breast  wall  at  the  lower  end  is  removed,  and  the  creek  chan- 
nel below  lowered  and  enlarged  to  permit  the  free  flow  of  water, 
doing  away  with  the  filling  of  culvert  with  gravel  as  mu^.h  as 

possible. 

CONTRACT  No.  18.— ERIE  OANAL. 

Dated  March  19,  1897,  O'Brien  &  Hoolihan,  contractors.     , 

Engineer's  estimate |96,373  00 

Additional  work  authorized  by  Canal 

Board 31,355  00 

1127,728  00 

Estimate  at  contract  prices 91,794  50 

Work  done,  including  10  per  cent,  retained 106,450  00 


^ 


3 


This  contract  extends  from  a  point  100  feet  above  the  upper 
boMow  quoin  of  lock  No.  46  to  a  point  100  feet  west  of  the  center 
of  Oriskany  Creek  aqueduct,  a  distance  of  5.95  miles. 

The  work  under  this  contract  is  well  advanced.  The  prism  ex- 
cavation is  completed  for  a  distance  of  over  three  miles,  the  tow- 
ing path  and  walls  raised  and  the  berme  bank  and  wall  are  well 
cidrajioed. 
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Triple  1^  fiheet  piling,  to  stop  leaito,  has  been  driven  in  the 
tcywpath  bankis  to  the  extent  anthorized  by  the  Oanal  Bo«u?d. 

CONTRAOT  No.  19.— EORIE  OANAL. 

Da/ted  March  19, 1897  O'Brien  &  Hoolihan,  oonlraotoiB. 

Engineer's  eBtinifl4:e {106,322  50 

Addjjtionial  work  authorized  by  OanaJ 

Board 30,948  00 

1137,270  60 

Estimate  at  contract  prices 105,053  60 

Work  done,  incliiding  10  per  cent,  retained 66,630  00 


K 


^ 


This  contract  extends  from  a  point  100  feet  west  of  Orie^kany 
Oreek  aqneduct  to  a  point  100  feet  west  of  Greenfield's  road 
bridge,  a  distance  of  6.67  miles. 

The  work  done  under  this  contract  has  been  confined  to  raising 
banks  and  walls  above  water,  raising  bridges,  etc.  The  prism 
will  be  bottomed  out  durinig  the  coming  winter. 

OONTBACT  No.  20.— EBIE  OANAL. 

Dated  August  17,  1897,  Warren-Scharf  AsphaJt  Paving  Oo., 
oon  tractors. 

Engineer's  estimate f  246,653  00 

Estimate  at  contract  prices 242,757  55 

Work  done,  including  10  per  cent,  retained 3,230  00 

This  contract  extends  from  a  point  100  feet  west  of  Oreenfield's 
poad  bridge  to  a  point  100  feet  west  of  Main  street  road  bridge  at 
New  London,  a  distance  of  8.45  miles. 

The  work  under  this  contract  has  barely  commenced.  The  con- 
tractors are  making  arrangements  to  procure  materials  prepar- 
atory to  a  vigorous  prosecution  at  once. 
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CONTRACT  No,  21.— ERIE  CANAL. 

Dated  August  17,  1897,  Warren-Scharf  Asphalt  Paving  Co., 
contractors. 

Engineer's  estimate |218,247  00 

Estimate  at  contract  prices 212,945  46 


This  contract  extends  from  a  point  100  feet  west  of  Main  street 
road  bridge,  at  New  London,  to  a  point  100  feet  west  of  Durhamr 
yille  road  bridge,  a  distance  of  8 .  31  miles. 

No  work  has  been  done  under  this  contract  other  than  making 
preparations  to  procure  materials. 

CONTRACT  No.  22.— ERIE  CANAL. 

Dated  August  6,  1897,  National  Contracting  Co.,  contractor«i. 

Engineer's  estimate 1247,465  00 

Estimate  at  contract  prices 232,307  60 


This  contract  extends  from  a  point  100  feet  west  of  Durham- 
ville  road  bridge  to  a  point  100  feet  west  of  New  Boston  road 
bridge,  a  distance  of  9 .  04  miles. 

No  work  has  been  done  under  this  contract. 

CONTRACT  No.  23.— ERIE  CANAL. 

Dated  August  23,  1897,  E.  H.  Gaynor,  contractor. 

Engineei's  estimate fl65,897  00 

Estimate  at  contract  prices 147,582  00 

Work  done,  including  10  per  cent,  retained 2,340  00 

This  contract  extends  from  a  point  100  feet  west  of  New  Boston 
road  bridge  to  a  point  100  feet  west  of  Kirkville  road  bridge,  a 
distance  of  7.20  miles. 
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The  contractor  has  barely  commenced  work,  delivering  ma- 
terials and  making  preparations  to  proceed  at  once  at  such  work 
as  can  be  done  before  the  close  of  nayigation. 

CONTRACT  No.  24.— ERIE  OANAL. 

Dated  Augnst  6,  1897,  National  Contracting  Co.,  contractors. 

Engineer's  estimate |142,051  00 

Estimate  at  contract  prices 136,720  00 

Work  done,  including  10  per  cent,  retained 1,420  00 


This  contract  extends  from  a  point  100  feet  west  of  Kirkville 
road  bridge  to  a  point  100  feet  east  of  Butternut  creek  aqueduct, 
a  distance  of  5.86  miles. 

So  little  work  has  been  done  under  this  contract  that  it  may  be 
said  as  just  commenced.  Provisions  are  being  made  to  prosecute 
with  vigor  from  this  time  forward. 

CONTRACT  No.  25.— ERIE  OANAL. 

Dated  August  6,  1897,  National  Contracting  Co.,  contractors. 

Engineer's  estimate |140,680  00 

Estimate  at  contract  prices 127,750  00 

Work  done,  including  10  per  cent,  retained 1,150  00 

This  contract  extends  from  a  point  100  feet  east  of  Butternut 
N  oreek  aqueduct  to  a  point  100  feet  east  of  the  upper  hollow  quoin 
of  lock  No.  49,  a  distance  of  5.30  miles. 

The  contractors  have  but  just  commenced  their  work,  but  show 
satisfactory  indications  of  a  determination  to  push  their  work  to 
an  early  completion. 
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CONTRACT  No.  26.— ERIE  CANAL. 

Dated  August  5,  1897,  John  Dunfee  &  Co.,  contractors. 

Engineer's  estimate |145,452  00 

Estimate  at  contract  prices 136,600  00 

Work  done,  including  10  i>ep  cent,  retained 9,700  00 

This  contract  extends  from  a  point  100  feet  west  of  the  lower 
hollow  quoin  of  lock  No.  51  to  a  point  100  feet  west  of  Centerport 
road  bridge,  a  distance  of  5 .  56  miles. 

The  contractor  has  commenced  work  with  great  energy,  fur- 
nishing materials  and  raising  banks. 

CONTRACT  No.  27.— ERIE  CANAL. 

Dated  August  18,  1897,  W.  B.  Priddy,  contractors. 

Engineer's  estimate |125,869  00 

Estimate  at  contract  prices 115,713  00 

Work  done,  including  10  per  cent,  retained 9,640  00 


i*" 


s=± 


This  contract  extends  from  a  point  100  feet  west  of  Centerport 
road  bridge  to  a  point  100  feet  west  of  Crane  brook  aqueduct,  a 
distance  of  6 .  03  milefs. 

The  contractor  commenced  the  work  promptly  on  execution  of 
the  contract,  delivering  materials,  excavating  ditches  and  raising 

banks. 

CONTRACT  No.  28.— ERIE  CANAL. 

Dated  August  19, 1897,  Andrew  Onderdonk,  contractor. 

Engineer's  estimate fl72,430  00 

Estimate  at  contract  prices 167,216  00 

Work  done,  including  10  per  cent,  retained '.       11,310  00 


c 
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This  contract  extends  from  a  point  100  feet  west  of  Crane  brook 
aqueduct  to  the  east  line  on  Wayne  county,  a  distance  of  6.24 
miles. 

A  large  force  was  put  to  work  on  this  contract  soon  after  exe- 
cution of  contract,  raising  banks  across  Cayuga  marshes  and  fur- 
nishing materials. 

CONTRACT  No.  36.— OSWEGO  CANAL. 

Dated,  September  30,  1897.    Edwin  Lodder,  contractor. 

Engineer's  estimate 151,057  00 

Estimate  at  contract  prices 48,447  00 


This  contract  consists  of  raising  the  towpath  from  lock  No.  7, 
to  guard  lock  No.  3,  and  work  connected  therewith,  a  distance  of 
3.56  miles. 

This  work  having  been  let  on  the  last  day  of  the  fiscal  year, 
no  work  has  been  done. 

CONTRACT  No.  37.— OSWEGO  CANAL. 

Dated,  August  30,  1897.    Willard  Johnson,  contractor. 

Engineer's  estimate f  13,836  00 

Estimate  at  contract  prices 15,382  00 


This  contract  consists  of  raising  Oswego  Falls  dam,  and  work 
connected  therewith. 

The  contractor  has  made  arrangements  for  procuring  ma- 
terial and  will  prosecute  such  work  as  can  be  done  this  fall,  and 
be  ready  to  lay  the  masonry  next  spring. 

The  following  contracts  have  not  been  let  at  the  close  of  the 
fiscal  year,  but  are  inserted  here  to  make  the  record  of  all  con- 
tracts  complete. 
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CONTRACT  No.  29.— OSWEGO  CANAL. 
Engineer's  estimate 176,370  00 


This  contract  will  extend  from  the  junction  of  the  Oswego 
canal  with  the  Erie  canal  at  Syracuse,  to  a  point  100  feet  below 
lower  lock  quoin  of  lock  No.  3,  a  distance  of  1.98  miles. 

CONTRACT  No.  30.— OSWEGO  CANAL. 
Engineer's  estimate |120,000  00 


This  contract  will  extend  from  a  point  100  feet  below  lower 
hollow  quoin  of  lock  No.  3,  to  a  point  100  feet  above  the  upper 
hollow  quoin  of  lock  No.  5  (Mud  lock),  a  distance  of  5.42  miles. 

CONTRACT  No.  31.— OSWEGO  CANAL. 
Engineer's  estimate f  20,000  00 


This  contract  will  consist  of  improving  lock  No.  5,  including 
work  connected  therewith,  extending  from  a  point  100  feet  above 
the  upper  hollow  quoin  to  a  point  100  feet  below  lower  hollow 
quoin,  a  distance  of  .0795  mile. 

CONTRACT  No.  32.— OSWEGO  CANAL. 

Engineer's  estimate f  235,000  00 

—  k 

This  contract  will  extend  from  a  point  100  feet  below  the  lower 
hollow  quoin  of  lock  No.  5,  to  a  point  100  feet  above  the  upper 
hollow  quoin  of  guard  lock  No.  1,  at  Phoenix. 

CONTRACT  No.  33.— OSWEGO  CANAL. 
Engineer's  estimate f  20,000  00 


i 
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This  work  conBistB  of  improving  guard  look  No.  1,  including 
work  connected  therewith,  extending  from  a  point  100  feet  above 
the  upper  hollow  quoin  to  a  point  100  feet  below  the  lower  hollow 
quoin,  a  distance  of  .0795  mile. 

CONTRACT  No.  34.— OSWEGO  CANAL. 
Engineer's  estimate |136,885  00 


This  contract  will  extend  from  a  point  100  feet  below  the 
lower  hollow  quoin  of  guard  lock  No.  1,  to  end  of  lower  wing  of 
lock  No.  7,  a  distance  of  5.73  miles. 

CONTRACT  No.  35.--OSWEGO  CANAL. 
Engineer's  estimate  |35,000  00 


This  contract  will  consist  of  dredging  channel  from  ends  of 

lower  wings  of  lock  No.  7,  to  guard  lock  No.  3,  a  distance  of  3.52 

miles. 

CONTRACT  No.  38.— OSWEGO  CANAL. 

Engineer's  estimate |125,000  00 


This  contract  will  extend  from  a  point  100  feet  above  the 
upper  hollow  quoin  of  lock  No.  11,  to  a  point  100  feet  above  the 
upper  hollow  quoin  of  lock  No.  13,  a  distance  of  4.90  miles. 

CONTRACT  No.  39.— OSWEGO  CANAL. 
Engineer's  estimate |35,000  00 


This  contract  will  consist  of  improving  and  lengthening  lock 
No.  13,  including  work  connected  therewith,  extending  from  a 
point  100  feet  above  the  upper  hollow  quoin  of  lock  No.  13,  to 
a  point  210  feet  below  the  lower  hollow  quoin  of  the  present 
lock,  a  distance  of  .0795  mile. 
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CONTRACT  No.  40.— OSWEGO  CANAL. 
Engineer's  estimate fl06,000  00 


This  contract  will  extend  from  a  point  100  feet  below  the  lower 
hollow  quoin  of  the  lengthened  lock  No.  13  to  a  point  100  feet 
above  the  upper  hollow  quoin  of  lock  No.  18,  excepting  therefrom 
contract  No.  46  and  the  lengthening  and  improving  of  locks  Nos. 
14,  15,  16,  17  and  guard  lock  No.  5,  together  with  the  work  con- 
nected therewith,  a  distance  of  3.06  miles. 

CONTRACT  No.  41.— OSWEGO  CANAL. 
Engineer's  estimate 135,000.00 


This  contract  will  consist  of  improving  and  lengthening  lock 
No.  14,  and  work  connected  therewith,  extending  from  a  point 
210  feet  above  the  upper  hollow  quoin  of  present  lock,  to  a  point 
100  feet  below  the  lower  hollow  quoin,  a  distance  of  .0795  mile. 

CONTRACT  No.  42.— OSWEGO  CANAL. 
Engineer's  estimate ?35,000  00 


This  contract  will  consist  of  improving  and  lengthening  lock 

No.  15,  and  work  connected  therewith,  extending  from  a  point 

100  feet  above  the  upper  hollow  quoin  to  a  point  210  feet  below 

the  lower  hollow  point  of  the  present  lock,  a  distance  of  .0795 

mile. 

CONTRACT  No.  43.— OSWEGO  CANAL, 

Engineer's  estimate $35,000  00 


This  contract  will  consist  of  improving  and  lengthening  lock 

No.  16,  and  work  connected  therewith,  extending  from  a  point 

210  feet  above  the  upper  hollow  quoin  of  the  present  lock  to  a 

16 


242  Annual  Bqport  of  thb 

point  100  feet  below  the  lower  hollow  quoin,  a  distance  of  .0795 

mile. 

CONTRACT  No.  44.— OSWEGO  CANAL. 

Engineer's  estimate $35,000  00 


This  contract  will  consist  of  improving  and  lengthening  guard 

lock  No.  5,  and  work  connected  therewith,  extending  from  a  point 

210  feet  above  the  upper  hollow  quoin  of  the  present  lock  to  a 

point  100  feet  below  the  lower  hollow  quoin,  a  distance  of  .0795 

mile. 

CONTRACT  No.  45.— OSWEGO  CANAL. 

Engineer's  estimate $35,000  00 


This  contract  will  consist  of  improving  and  lengthening  lock 

No.  17,  and  work  connected  therewith,  extending  from  a  point 

210  feet  above  the  upper  hollow  quoin  of  the  present  lock  to  a 

point  100  feet  below  the  lower  hollow  quoin,  a  distance  of  .0795 

mile. 

CONTRACT  No.  46.— OSWEGO  CANAL. 

Engineer's  estimate  |16,860  00 


-L— L 


This  contract  will  extend  from  station  1026,  near  lock  No.  16, 
to  station  1068,  near  guard  lock  No.  5,  a  distance  of  one  mile. 
This  contract  will  soon  be  let. 

CONTRACT  No.  47.— ERIE  CANAL. 
Engineer's  estimate  |12,425  00 


This  contract  will  consist  of  improving  and  repairing  Crane 
Brook  aqueduct,  extending  from  a  point  100  feet  east  to  a  point 
100  feet  west  of  the  end  of  the  trunk,  a  distance  of  272  feet. 

This  work  will  be  let  soon  and  consists  of  repairing  foundation 
and  masonry  and  the  construction  of  a  new  steel  trunk. 
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The  foregoing  statement  of  the  progrees  and  condition  of  the 
work  under  each  contract  has  been  prepared  to  exhibit  in  as  con- 
cise a  manner  as  possible  without  extending  this  report  to  an  un- 
reasonable length,  yet  it  seems  that  attention  may  properly  be 
called  in  a  general  way  to  difficulties  and  contingencies  that  al- 
ways arise  in  repairing  old  dilapidated  work  of  any  kind,  and  the 
canal  is  no  exception.  Care  was  taken  in  making  the  preliminary 
surveys  and  estimate  to  cover  work  in  sight  necessary  to  be  done 
to  carry  out  the  spirit  of  the  law  authorizing  the  improvement  of 
the  Erie  and  Oswego  canals,  and  before  letting  the  work,  the  pre- 
liminary estimate  was  arbitrarily  cut,  as  it  was  thought  the  work 
could  be  finished  within  the  reduced  quantities.  iSo  far  as  the 
work  haB  progressed  it  ha^  become  evident  that  the  first  estimate 
wafi  not  excessive.  As  the  work  progresses  many  conditions 
arise  that  could  not  be  foreseen  and  were  not  provided  for. 
Much  of  the  vertical  and  slope  walls  were  buried  in  silt,  which 
when  removed  and  one  additional  foot  taken  from  the  bottom  of 
the  prism,  are  found  instable  and  to  a  large  extent  had  to  be  re- 
built. The  material,  particularly  on  the  Jordan  level  as  explained 
on  contracts  Nos.  3, 4  and  5,  was  excavated  several  times  and  yet 
it  was  with  the  utmost  difficulty  that  the  prism  and  towing-path 
could  be  put  in  condition  last  spring  for  navigation  and  the  cost 
of  such  work  must  be  paid  for,  greatly  enhancing  the  cost  of  the 
work. 

By  excavating  the  deposit  of  long  accumulation  from  the  prism 
and  generally  one  foot  below  old  canal  bottom  causes  leaks  in  the 
banks  in  very  many  places  to  a  dangerous  point  and  always  to 
the  damage  of  the  adjoining  land  which  must  be  stopped  or 
breaks  are  liable  to  occur  besides  innumerable  claims  for  damages 
to  adjoining  proi)erty  will  be  filed  with  the  court  of  claims.    The 
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most  feasible  plan  for  stopping  these  leaks  is  by  driving  triple 
lap  sheet  piling  in  the  banks  to  such  a  depth  as  may  be  necessary. 
Culverts  to  some  extent  have  been  rebuilt,  creek  channels 
lowered  and  enlarged,  side  ditches  opend,  aqueducts  repaired  and 
where  the  trunks  on  careful  examination  are  found  too  much 
decayed  to  carry  the  additional  depth  of  water,  must  be  rebuilt. 
All  such  work  costs  money  and  where  extended  over  the  whole 
of  the  division  amounts  to  large  sums. 

This  department  is  in  full  sympathy  with  the  Superintendent 
of  Public  works  in  a  desire  to  keep  the  cost  of  the  work  as  low 
as  possible,  yet  as  an  engineering  proposition  nothing  should  be 
omitted  to  be  done  that  will  leave  the  canals  in  dangerous  condi- 
tion. One  break  might  cost  for  repairs  and  damages  to  boatmen 
more  than  the  additional  cost  of  protection  of  the  whole  division. 
Upon  this  theory  the  division  engineer  has  kept  the  future  of  the 
canal  constantly  in  mind,  believing  that  his  professional  reputa- 
tion and  the  interest  of  the  State  would  be  in  jeopardy  by  an 
opposite  course. 

Another  large  item  of  increased  cost  occurs  from  the  fact  that 
the  material  excavated  from  the  prism  in  the  winter  has  been 
found  entirely  unfit  to  raise  the  banks  and  new  material  must  be 
secured  for  the  top  of  the  banks.  An  effort  was  made  last  winter 
to  use  the  material  (mostly  silt)  taken  from  the  prism  in  raising 
banks  bjs  per  original  estimate  and  it  was  impossible  to  get  teams 
over  banks  so  raised.  Any  lining  put  on  would  mix  at  once  with 
the  soft  material  below,  and  make  the  towing-path  utterly  im- 
passable. The  material  of  this  nature  put  on  had  to  be  removed 
before  the  oi)ening  of  navigation  and  used  in  the  back  slopes  of 
banks  or  wasted  where  not  so  required.  This  involves  no  chang- 
ing of  plan,  but  as  navigation  must  be  maintained,  the  soft  mate- 
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rial  from  the  prism  could  not  be  used,  and  the  expense  of  procur- 
ing other  materiaj  for  embankment  Increased  the  cost  of  the  work 
to  that  extent. 

With  this  explanation,  it  can  easily  be  seen  that  most  of  the 
contracts  will  exceed  the  preliminary  estimates  and  some  very 
largely. 

In  order  to  arrive  at  an  intelligent  understanding  of  the  prob- 
able cost  of  the  entire  improvement  of  the  Middle  Division  of  the 
Erie,  and  the  Oswego  canal,  I  have  prepared  the  following  con- 
densed statement. 

ERIE  CANAL. 

Engineer's  estimate  of  work  under  contract 12,537,571  50 

Not  under  contract 12,425  00 

f2,549,996  50 
Add  10  per  cent,  for  contingencies 254,999  50 

Total 12,804,996  00 

OSWEGO  OANAL. 

Engineer's  estimate  of  work  under  contract 1 241,592  00 

Not  under  contract 1,205,115  OO 

11,446,707  00 
Add  10  per  cent,  for  contingencies  . . . . : 144,670  00 

Total 11,591,377  00 

Grand  total *. f4,396,373  00 

The  following  tables  have  been  computed  as  required  by  law, 
covering  all  the  work  on  the  Middle  Division  during  the  last 
fiscal  year,  ordinary  and  extraordinary  rei>airs  as  well  as  on  the 
account  of  the  improvement  under  chapter  79,  Laws  of  1895,  and 
subsequent  acts  in  relation  thereto: 
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TABLE  No.  1. 

This  table  shows  the  names  of  engineers  duly  appointed  by  the 
State  Engineer  and  Surveyor,  time  employed,  rate  of  compensa- 
tion, and  the  amount  paid  during  the  year  with  the  amount  of 
other  miscellaneous  expenditures  by  the  Diyison  Engineer. 

TABLE  No.  2. 

This  table  covers  the  contracts  in  force  at  the  close  of  the  fiscal 
year,  together  with  the  engineer's  estimate,  estimate  at  contract 
prices,  and  amount  paid  on  each  contract. 

TABLE  No.  3. 

This  table  covers  the  contracts  completed  and  settled  during 
the  fiscal  year,  with  engineer's  estimate  and  total  cost  of  each 
piece  of  work  as  returned  in  final  account. 

TABLE  No.  4. 

This  table  covers  the  work  not  under  contract  to  complete  the 
improvement  of  the  Middle  Division  of  the  Erie  and  the  Oswego 
canal,  with  the  engineer's  estimate  of  the  cost  thereof. 

TABLE  No.  5. 

This  table  exhibits  water  record  of  Cayuga  and  Cross  lakes  and 
Seneca  river,  taken  triannually  sin-ce  1884,  in  pursuance  of  con- 
current resolutions  of  the  Senate  and  Assembly,  passed  in  1884. 

These  water  records  are  taken  three  times  each  year  at  quite 
an  expense  each  time,  and  I  beg  to  again  call  your  attention  to 
the  fact  that  it  is  believed  that  these  records  are  required  to  be 
taken  at  certain  fixed  time  without  regard  to  the  stage  of  water, 
and  unfortunately  the  time  is  not  the  time  of  either  low  or  high 
stage  of  water  in  the  river.    Perhaps  the  thirteen  years  that  these 
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levels  have  been  taken  shows  all  that  would  be  proven  by  their 
continuance,  but  if  it  is  desired  to  show  the  fall  in  the  river  at  the 
several  points  named  at  the  extreme  stageeof  the  water,  discretion 
as  to  time  when  the  levels  are  to  be  taken  should  be  given  to  this 
Department  as  the  best  judges  when  those  stages  are  reached, 
which  varies  considerably  each  year. 

In  order  that  the  extent  of  reduction  of  the  quantities  made  in 
the  preliminary  estimates  before  letting  the  work  may  be  seen, 
the  following  comparative  table  is  prepared,  showing  first  original 
estimate  and  second  revised  estimate  for  the  several  contracts 
covering  the  entire  length  of  Middle  Division  of  the  Erie  canal, 
not  including  structures. 

No.  of  oontracl.  Orlgliua  estimate.  Rerhied  ecrtlmate. 

1 1208,420  00  1136,468  00 

2 239,772  00  185,078  30 

3 142,978  56  127,780  50 

4 155,409  65  138,931  50 

5 161,618  05  141,444  50 

18  and  19 325,208  70  202,695  50 

20  and  21 584,243  55  464,900  00 

22  and  23 509,071  20  413,362  00 

24  and  25 394,884  00  282,731  00 

26,  27  and  28 476,775  75  443,751  00 


$3,198,381  45        |2,537,142  30 


The  division  engineer  has  endeavored  to  keep  the  State  Engineer 
and  Surveyor  fully  advised  of  all  the  conditions  relating  to  the 
work  on  the  middle  division,  and  he  knows  of  no  instance  of  vari- 
ance between  himself  and  his  superior  officers. 
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Photographs  showing  the  work  in  its  yarious  stages  at  different 
points  are  herewith  submitted. 

Very  respectfully  submitted, 

W.  H.  H.  GERE, 
Diviaian  Engineer. 


Syragusb,  N.  Y.,  December  24,  189T» 
Hon.  Oampbhll  W.  Adams,  State  Engineer  and  Surveyor,  Albany^ 
2f.  Y.: 

eir. —  Herewith  I  have  the  honor  to  submit  my  annual  report 
covering  work  performed  by  the  engineering  department  on  the 
middle  division  for  the  fiscal  year  ending,  September  30,  1897 — 
on  account  of  ordinary  and  extraordinary  repairs. 

As  has  always  been  the  case,  the  engineer  department  is  re- 
quired to  supply  the  Superintendent  of  Public  Works  Depart- 
ment with  plans,  bills  of  material  and  estimates  of  cost  for  much 
of  the  work  of  ordinary  repairing  performed  by  section  superin- 
tendents. 

The  regulations  require  the  -division  or  resident  engineer  "  to 
be  at  any  break  in  the  canal  immediately  after  it  occurs  and  re- 
main there  till  comipletion  of  repairs  and  water  up  to  full  height.'^ 
In  complian<;e  with  this  rule  the  following  breaks  have  come 
under  the  observation  and  careful  attention  of  this  department, 
the  repairs  of  which  were  made  by  the  Superintendent  of  Public 
Works  : 

First.  Immediately  on  the  opening  of  Black  River  canal,  a 
small  break  occurred  in  the  towing-path  near  the  head  of  lock  No. 
96  which  was,  no  doubt,  caused  by  boatmen  closing  paddles  in 
lock  gates  which  were  left  open  during  the  night  as  a  precau- 


State  Enginbbr  and  Surveyor.  249 

tionary  measure  until  the  sluice  around  the  lock  (which  had  been 
built  during  the  winter)  was  completed.  No  lock  tender  being 
emiployed  nights,  the  conditions  were  not  understood  by  boatmen. 
The  break  was  repaired,  delaying  navigation  a  short  time. 

(Second.  On  June  6th,  a  break  occurred  in  a  composite  culvert 
just  below  lock  at  Montezuma  on  Cayuga  and  Seneca  canal.  This 
culvert  was  built  many  years  ago  and  like  most  culverts  built  at 
that  time,  was  defective  in  plan,  in  that  the  floor  planking  was 
laid  lengthwise  of  the  culvert  with  no  binding  to  secure  them,  and 
when  the  spiking  became  rusted  off,  the  plank  floated,  leaving  a 
free  course  for  the  water  in  the  canal  prism  into  the  culvert. 
This  same  condition  was  experienced  last  year  at  culvert  No.  80, 
Erie  canal.  The  break  was  promptly  repaired  temporarily,  de- 
laying navigation  about  four  days.  This  culvert  will  be  rebuilt 
the  coming  winter  by  substituting  cast  iron  pipe  in  place  of  the 
wooden  trunk.  In  this  connecfion,  I  advise  that  all  the  old  cul- 
verts be  carefully  examined  and  floor  secured  before  being  dis- 
placed, and  a  consequent  break  to  repair,  liable  to  cost  more  to 
repair  than  to  secure  the  floors  of  all  the  culverts  on  the  division. 

Third.  July  23d,  a  break  occurred  in  lock  No.  48,  Erie  canal,  the 
rex>air  of  which  delayed  navigation  one  week.  This  was  an  ugly 
break  to  repair  as  the  foundation  at  the  head  of  double  lock  had 
become  undermined,  allowing  a  free  passage  of  water  from  one 
lock  to  the  other.  The  foundation  timbers  had  settled  out  of 
place  and  allowed  the  masonry  also  to  settle.  The  platform  and 
tumble  gates  were  broken  down  and  had  to  be  renewed.  By  dili- 
gent effort  on  the  part  of  the  superintendent,  night  and  day,  the 
repairs  were  completed  and  navigation  resumed  in  less  time  than 
at  first  seemed  possible.  This  lock  should  have  careful  and^ 
probably  extensive,  repairs  during  the  winter. 
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Fourth.  On  July  23d,  a  break  also  occurred  in  the  towing-pa/th 
of  Forestport  feeder  about  one  mile  from  Forestport.  This  was 
the  most  extensive  and  disastrous  break  that  has  occurred  for 
many  years.  The  bank  was  of  sand  some  70  feet  high,  and  when 
11  miles  had  discharged  itself  through  the  break,  the  opening  was 
something  fearful,  being  400  feet  long  on  top  and  50  feet  deep. 
Forces  were  organized  at  once  by  the  Superintendent  of  Public 
Works  and  work  was  continued  night  and  day  for  30  days,  when 
water  was  let  into  the  feeder  soon  after  navigation  was  reopened. 
Leaks  from  percolation  were  discovered  and  after  a  few  days  it 
became  evident  that  the  foot  of  the  bank  must  be  protected  with 
brush  and  stone  or  the  bank  would  again  be  carried  away.  The 
water  was  again  drawn  from  the  feeder  and  toe  of  the  bank 
protected  to  prevent  sloughing  of  the  back  slope,  and  after  three 
days  the  level  was  again  filled.  Since  that  time  there  has  been 
no  trouble  experienced.  During  the  time  water  was  out  of  the 
feeder,  the  Black  River  canal  was  closed  for  want  of  water  and 
the  Erie  canal  supply  from  the  reservoirs  was  completely  shut  oflf. 
Fortunately  there  was  a  good  supply  in  the  Madison  county  reser- 
voirs which  enabled  navigation  to  be  maintained  during  time 
of  repairs  of  feeder  at  Forestport.  In  order  that  the  canal  at 
that  place  may  be  made  safe  beyond  a  contingency,  much  further 
work  should  be  done,  filling  the  bottom  of  the  canal  prism  and 
loading  and  protecting  the  rear  slope  of  the  bank. 

Upon  the  line  of  the  Erie  canal  where  work  was  done  under 
improvement  contracts,  leaks  of  a  dangerous  character  have  been 
discovered  and  necessary  repairs  made  in  time  to  prevent  inter- 
ruption of  navigation.  This  condition  will  very  likely  arise  after 
the  silt  is  removed  from  the  prism,  which  will  require  dose  watch- 
ing and  prompt  attention  as  soon  as  discovered. 

The  following  is  a  statement  covering  work  done  during  the 
fiscal  year,  under  contract,  in  pursuance  of  special  laws: 
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WOGELE  GOMPIiETED  AND  SETTLED. 

IRON  SUPEB8TRU0TURE  OVER  BLACK  RIVER  CANAL 

AT  CARTHAGE. 

(Act,  Chapter  102,  Laws  of  1895.) 

Dated  July  2, 1896,  Buffalo  Bridge  and  Iron  Works,  contractors. 

Engineer's  estimate f  18,921  00 

Pinal  account 15,170  00 


ALTERATIONS   AND    REPAIRS   TO    PIERS    AND   ABUT- 
MENTS TO  CARTHAGE  BRIDGE. 
(Act,  Chapter  102,  Laws  of  1895.) 
Dated  June  29, 1896,  Dunf ee,  Belden,  Dwyer  &  Co.,  oontractors. 

Engineer's  estimate f  5,135  00 

Pinal  account 5,403  15 

Appropriation,  both  contracts 25,000  00 


3: 


This  bridge  is  of  steel,  plate  girder,  454  feet  in  length  of  spans; 
roadway,  20  feet  wide,  with  sidewalk  upon  one  side,  taking  the 
place  of  an  old  bridge  which  had  been  unsafe  for  several  years. 
Since  the  completion  of  the  bridge,  the  people  of  Carthage  desire 
the  west  end  of  the  bridge  raised  three  feet,  which  the  Superin- 
tendent will  be  enabled  to  do  from  unexpended  balance  of  appro- 
priation. 

IMPROVING  CAYUGA  AND  SENECA  CANAL  AND  OUT- 
LET OF  SENECA  LAKE. 
(Act,  Chapter  308,  Laws  of  1895.) 
Dated  October  1, 1895,  E.  H.  Fleming  &  Co.,  contractora 

Engineer's  estimate |13,600  00 

Pinal  account 10,937  72 

Appropriation 20,000  00 
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The  work  done  under  thiB  contract  consists  of  timber  docking 
on  pile  foundation  on  berme  side  of  canal  between  Geneva  and 
the  outlet,  and  constructing  stone  piers  and  breakwater  at  the 
outlet.    A  portion  of  the  appropriation)  was  expended  by  the  Su- 

■ 

perintendent  repairing  docking  in   canaJ   near  the  harbor  at 
Geneva, 

DISCHARGE  PIPES  AT  NORTH  BRANCH  RESERVOIR. 

(Act,  Chapter  148,  Laws  of  1895.) 
Dated  August  29, 1895,  J.  H.  Nelson,  contractor. 

Engineer's  estimate f  17,983  00 

Final  account 17,316  05 

Appropriation 25,000  00 


The  work  done  under  this  contract  consisted  of  removing  a  por- 
tion of  the  wood!  discharge  trunk  and  substituting  cast-iron  pipes. 
The  old  trunk  was  so  badly  decayed  below  the  slide  gates  that  it 
was  deemed  unsafe  to  trust  it  longer.  The  present  arrangement 
is  durable  and  safe,  and  fully  meets  every  condition  required. 
From  this  appropriation  of  |25,000,  |5,240.38  was  paid  to  Michael 
Bennett  last  year  for  constructing  road  over  spillway  at  North 
Branch  reservoir. 

CONTINUING    CONSTRUCTION    OF    BRIDGE    AND    AP- 

PROACHES  OVER  INLET  TO  OTISOO  LAKE. 
(Act,  Chapter  793,  Laws  of  1896.) 
Dated  September  4,  1896,  Hughes  Bros.,  contractors- 
Engineer's  estimate |8,912  00 

Final  account 9,782  81 

Appropriation 10,000  00 


ri«^ 


State  Enginbbb  and  Subvbyoe.  253 

The  work  done  nnder  this  contract  consisted  in  building  and 
protecting  an  embankment  across  the  low  land  at  the  head  of 
Ottsoo  lake,  which  is  flooded  about  8  feet  when  the  lake  is  full. 
The  bank  is  now  two-thirds  across  the  low  ground,  and  is  of  no  use 
as  a  highway  until  the  remaining  jwrtion  is  built.  A  further  ap- 
propriation of  $10,000  will  complete  the  work  and  furnish  a  high- 
way of  which  the  people  have  been  deprived'  since  the  lake  was 
appropriated  for  a  canal  reservoir 

REPAIRING  CULVERT  UNDER  OSWEGO  CANAL,  BE- 
TWEEN HYDRAULIC  CANAL  AND  OLD  SKENANDOAH 
MILLS,  AT  OSWEGO. 

(Act,  Chapter  947,  Laws  of  1896.) 
Dated  December  2,  1896,  E.  S.  Candee,  contractor. 

Engineer's  estimate |3,896  00 

Pinal  account 8,654  75 


When  a  break  occurred  at  this  culvert  last  year  a  temporary 
dam  allowed  navigation  to  be  maintained.  The  estimate  was 
based  upon  a  supposition  that  only  the  head  of  the  culvert  would 
need  repairing,  but  when-  water  was  drawn  from  both  the  canal 
and  the  hydraulic  canal  it  waa  discovered  t^iat  the  whole  structure 
would  require  rebuilding  before  the  improvement  of  the  Oswego 
canal  at  that  point  could  safely  be  made,  which  was  done.  This 
accounts  for  large  increase  of  cost  over  estimate  prior  to  letting 
the  work.  Since  the  coanpletion  of  this  contract  it  has  been  dis- 
covered that  the  original  culvert  was  built  by  private  parties 

» 

nnder  a  permit  from  the  Canal  Commissioners  in  1866,  for  the 
purpose  of  supplying  power  to  the  mill  on  west  side  of  the  canal 
and  should  have  been  rebuilt  by  the  owner  of  the  power  or  aban- 
doned outright. 
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SUPERSTRUOTURE  FOR  LIFT  BRIDGE  AT  WEST  GEN- 
ESEE STREET,  SYRAOUSE. 

(Act,  Ohapter  311,  Laws  of  1895.  Act,  Chapter  950,  Laws  of  1896.) 
Dated    July  3,  1896,  Hilton   Bridge   Construction   Co.,  con- 
tractors. 
Final  account fl0,221  40 


eUBSTRUOTURE  FOR   LIFT   BRIDGE   AT   WEST   GENE- 

.  SEE  STREET,  SYRACUSE. 

(Act,  Ohapter  311,  Law«  of  1895.  Act,  Ohapter  950,  Laws  of  1896.) 
Dated  July  1,  1896.    Bnimelkamp  &  Lane,  contractors. 

Engineer's  estimate  for  both  contracts f  14,923  25 

Pinal  account 10,129  39 

Appropriation  for  entire  bridge 22,500  00 

Of  which  the  city  of  Syracuse  paid 10,000  00 


K 


This  bridge  is  upon  an  entirely  new  plan,  designed  by  George  P. 
Hilton,  of  Albany,  intended  to  overcome  obstacles  that  prevented 
the  use  of  style  successfully  used  at  Clinton  and  Geddes  streets 
in  this  dty. 

The  culvert  extending  across  the  canal  between  the  counter- 
weight pits  is  upon  gypsum  foundation,  with  a  course  of  concrete 
12  inches  thick,  upon  which  the  culvert  of  6-foot  chord  wasereoted 
in  a  substantial  manner.  During  the  early  spring,  before  opening 
of  navigation,  the  city  authorities  constructed  a  4-foot  sewer,  with 
bottom  about  4  feet  below  the  eulrert,  using  explosives  to  loosen 
the  rock;  stiso  the  water  and  gas  companies  relaid  their  mains 
across  the  canal  prism,  tilie  result  of  which  was  to  so  shatter  the 
rock  that  within  a  few  days  after  the  canal  was  filled,  water 
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found  its  way  into  the  bridge  culvert,  under  a  head  of  16  feet,  to 
such  an  extent  as  to  completely  prevent  the  operation  of  the 
bridge.  An  effort  was  made  to  stop  the  leaks  by  a  carpet  of 
hop  sacking  and  covering  with  clay,  but  without  accomplishing 
the  desired  result,  and  the  bridge  has  been  suspended  all  the 
season.  After  the  close  of  nevgation  heroic  efforts  will  be  made 
to  put  the  structure  in  working  order  before  the  opening  of  nonri- 
gation  next  spring. 

STEEL  TBUNK  FOB  SAQUOIT  OBEEK  AQUEDUCT. 

(Act,  Chapter  947,  Laws  of  1896.) 
Dated  December  12, 1896,  Hilton  Bridge  Construction  Co.,  con- 
traotora 

Engineer's  estimate f  7,080  00 

Final  account 8,227  57 


The  old  wooden  trunk  was  removed  and  new  steel  structure  in- 
serted in  its  place,  making  a  much  more  permanent  arrangement 
The  new  trunk  will  carry  9  feet  of  water,  as  i*equired  for  the  im> 
pirovement  of  the  Erie  canal.  As  the  old  trunks  fail  they  should 
be  rebuilt  of  steel  in  all  cases. 

BEBUILDING  CULVEBT  NO.  80,  EBIE  CANAL. 
(Act,  Chapter  947,  Laws  of  1896.) 
Dated  December  12,  1896,  Daniel  Baldwin,  contractor. 

Engineer's  estimate |2,098  00 

Final  account 2,437  82 


This  culvert  failed  during  the  season  of  navigation  last  year 
and  was  closed  up  to  maintain  navigation.  Proper  repairs  were 
made  which  will  make  the  structure  safe  for  several  years. 
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IMPROVING  BLOODY  BROOK  AND  CONSTRUCTING  A 
CAST  IRON  PIPE  CULVERT  ACROSS  OSWEGO  CANAL 
AT  BLOODY  BROOK. 

(Act,  Chapter  947,  Laws  of  1896.) 
Dated  December  11,  1896,  E.  B.  Baker,  contractor. 

Engineer's  estimate |13,856  25 

Pinal  account 14,381  74 


Great  trouble  has  been  experienced  for  years  at  this  culvert 
from  filling  up  with  earth,  stopping  the  flow  of  water  and  flooding 
a  large  amount  of  land,  creating  claims  for  damages  each  year. 
Two  years  ago  a  break  occurred  at  this  culvert  just  before  opening 
of  navigation.  Temporary  repairs  were  made  at  a  large  expense. 
A  new  culvert  has  been  built  consisting  of  flve  lines  of  48-inch 
cast  iron  pipe  and  the  channel  opened  above  and  below  the  culvert 
of  sufficient  capacity  to  carry  the  stream  at  all  times. 

STEEL  SWING  BRIDGE  NEAR  LOWVILLE,  KJ^OWN  AS 
ILLINGSWORTH  BRIDGE  OVER  BLACK  RIVER. 
(Act,  Chapter  947,  Laws  of  1896.) 
Dated  December  5,  1896,  Oswego  Bridge  Co.,  contractors. 

Engineer's  estimate f2,727  50 

Final  account 3,002  78 


The  old  wooden  swing  bridge  was  replaced  with  a  modem  sttel 
structure. 

REBUILDING  LOCK  NO.  49,  BLACK  RIVER  CANAL. 

(Act,  Chapter  1030,  Laws  of  1895;  Act,  Chapter  947,  Laws  of  1896.) 
Dated  December  9,  1896,  Wm.  J.  Cramond,  contractor. 

Engineer's  estimate $16,744  00 

Final  account 16,899  19 
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This  lock  was  selected  as  the  one  first  requiring  rebuilding,  but 
all  the  original  locks  south  of  the  summit  are  in  a  terrible  con- 
dition and  must  be  rebuilt  yery  soon  as  any  of  them  may  collapse 
at  any  time.  The  plan  adopted  furnishes  a  structure  equal  to 
the  Erie  canal  locks  of  the  best  gray  limestone  dressed  and  laid  in 
the  most  perfect  and  substantial  manner. 

REBUILDING  LOCK  NO.  96,  BLACK  RIVER  CANAL. 
(Act,  Chapter  1030,  Laws  of  1895;  Act,  Chapter  947,  Laws  of  1896.) 
Dated  December  30,  1896,  Dodge  &  McGregor,  contractors. 

Engineer's  estimate fl4,233  50 

Pinal  account 19,521  93 


This  lock  was  supposed  to  be  one  of  the  best  of  the  original 
construction,  but  just  before  the  close  of  navigation  it  completely 
failed  from  undermining,  allowing  the  walls  to  settle  and  com- 
pletely destroying  its  usefulness  beyond  all  hopes  of  repair  short 
of  rebuilding.  Plans  and  estimate  were  hurriedly  prepared  and 
the  work  put  under  contract  at  the  earliest  possible  time. 

When  the  walls  were  removed  the  foundation  was  found  to  be 
upon  quicksand  of  the  worst  possible  kind.  To  procure  and  drive 
piles  was  out  of  the  question  for  lack  of  time  before  opening  of 
navigation.  The  plan  of  making  a  solid  foundation  of  plank  on 
edge  was  adopted,  casting  aside  the  old  timbers  and  surrounding 
the  whole  foundation  with  triple-lap  sheet  piling  16  feet  long, 
thereby  enclosing  the  quicksand  as  in  a  box,  which  was  less  ex- 
pensive than  piles  and  equally  as  effective.  The  lock  was  com- 
pleted in  the  least  time  possible,  delaying  the  opening  of  naviga- 
tion but  a  few  days.  Owing  to  conditions  which  could  not  have 
been  anticipated  in  advance,  the  final  account  exceeded  the  pre- 
liminary estimate  by  about  |5,300,  but  its  stability  fully  justified 

the  extra  cost. 

17 
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BEBUILDINQ    BRIDGE    OVEB    BLACK    EIVEB,    AT 

GLENDALE. 
<Acty  Chapter  800,  Laws  of  1896,  and  Chapter  790,  Laws  of  1897.) 

Dated  March  17,  1897,  Hilton  Bridge  Construotion  Co.,  coo- 
traotors. 
Engineer's  estimate |6,001  50 

Pinal  account 6,857  36 

"^  ■    ■   '       '     — *» 

Appropriations. 

Chapter  800,  Laws  of  1896 |7,000  00 

Chapter  790,  Laws  of  1897 1,000  00 


This  strnctnre  consists  of  two  fixed  spans  and  one  swing,  built 
of  steel  in  the  most  substantial  manner.  This  Department  not 
being  aware  of  the  additional  appropriation  under  chapter  790, 
Laws  of  1897,  omitted  to  have  work  done  on  piers  that  should 
have  been  performed  in  order  to  keep  within  the  appropriation  of 
f 7,000,  but  as  there  is  sufficient  funds  available,  the  work  neces- 
sary for  the  safety  of  the  bridge  should  yet  be  done  by  the  Super- 
intendent of  Public  Works  and  paid  for  from  the  appropriation 
under  chapter  790,  Laws  of  1897. 

Work  not  Oompletod. 

BEPAIB8  TO  BBEAKWATEB,  PIEBS,  DAM  NO.  1  AND 
GATES;  ALSO  BEMOVING  BABS  AT  O WASCO  LAKE 
OUTLET. 

(Act,  Chapter  799,  Laws  of  1896.) 
Dated  December  8,  1896,  J.  J.  Hallock,  contractor. 

Engineer's  estimate |8,624  00 

Payments  to  September  30th 6,137  00 

Appropriation 10,000  00 
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The  work  nnder  this  contraot  has  progressed  slowly,  being  some- 
what delayed  by  high  water  in  the  lake,  bnt  it  will  be  finished 
before  the  close  of  this  season.  This  lake  is  used  as  a  reserrolr  to 
feed  the  Erie  canal,  entering  at  Port  Byron.  The  channel  from 
lake  to  dam  No.  1  has  been  deepened  and  enlarged  to  permit  a 
greater  flow  as  necessity  requires. 

CONSTRUOTING  BUBBLE  MASONRY  WALLS  AT  FOOT  OP 

OWASOO  LAKE. 

(Act,  Chapter  799,  Laws  of  1896;  Act,  Chapter  661,  Laws  of  1897.) 

Dated,  September  1, 1897.    J.  J.  Hallock,  contractor. 

Engineer's  estimate {16,509  00 

Payments  to  September  30th 2,550  00 

Appropriation 18,000  00 


f  ■  r 


This  work  consists  of  a  *stone  pier  or  breakwater  extending 
into  the  lake  about  1,240  feet;  also  constructing  a  sea  wall  for  a 
distance  of  about  1,186  feet  along  the  highway  at  the  foot  of  the 
lake.  This  work  is  now  in  progress  and  will  probably  be  finished 
before  winter. 


BEBUILDINO  EAST  PIEB  AT  BELGIUM  BBIDOB,  OSWEGO 

CANAL. 

(Act,  Chapter  950,  Laws  of  1896.) 
Dated,  December  7, 1896.    J.  J.  Hallock,  contractor. 

Engineer's  estimate |2,570  00 

Payments  to  September  30th 2,125  00 

Appropriation 3,000  00 


I—  ._. 
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This  work  consists  of  rebuilding  the  east  pier  under  the  present 
iron  bridges.  As  this  bridge  extends  across  the  Oswego  riyer  as 
well  as  the  canal,  the  towns  of  Clay  and  Lysander,  bordering 
upon  the  river,  pay  one-half  *the  cost  of  this  pier.  The  work  is 
substantially  completed  and  final  account  will  be  rendered  as 
soon  as  coflfer-dam  is  properly  removed. 

PROTECTING  CAYUGA  AND  SENEOA  OANAL  AT 

GENEVA. 

(Act,  Chapter  142,  L^ws  of  1895.) 

Dated,  August  6,  1895.  E.  H.  Fleming  and  Company,  con- 
tractors. 

Engineer's  estimate fl5,000  00 

Payments  to  September  30th 9,979  00 

Appropriation 15,000  00 


This  work  consists  of  extending  and  completing  a  sea  wall 
along  the  north  shore  of  Seneca  lake.  The  work  has  been  prose- 
cuted so  slowly  that  the  cost  of  engineering  is  much  out  of  pro- 
portion to  the  cost  of  the  work.  While  every  effort  was  made  by 
this  department  to  have  more  vigor  displayed  in  its  prosecution, 
it  was  not  deemed  advisable  to  certify  to  the  abandonment  of  the 
contract.  However  the  work  is  now  substantially  completed 
and  final  account  will  be  returned  at  an  early  date.  The  local 
authorities  agreed  to  fill  the  embankment  in  rear  of  the  work 
when  the  wall  had  been  built.  This  they  have  done  only  to  a 
small  extent  near  Geneva.  The  whole  length  should  be  filled  for 
the  stability  of  the  work  and  benefit  of  the  highway  in  rear  of  the 
wall. 
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CHAJ!^GING  AND  REOONiSTRUiCTING   GENESEE   STREET 

BRIDGE  AT  UTICA. 

(Act,  Chapter  170,  Laws  of  1895;  Act,  Chapter  950,  Laws  of  1896.) 

Dated,  July  81, 1896.    Havana  Bridge  Works,  contractors. 

Engineer's  estimate 128,637  15 

Payments  to  September  30th 21,964  00 

Appropriation  by  State 125,000  00 

Appropriation  by  city  of  Utica 8,000  00 

33,000  00 


This  work  consisted  of  the  removal  of  the  fixed  bridge  and  con- 
structing a  new  one  of  single  roadway,  moving  hoist  bridges  six 
feet  towards  center  of  the  street  and  erecting  two  overhead  foot 
bridges,  together  with  the  reconstruction  of  substructure  and  re- 
arrangement of  hoisting  power  and  machinery.  Since  the  open- 
ing of  navigation  this  bridge  has  been  in  operation  and  gives 
general  satisfaction.    Final  account  will  soon  be  rendered. 

REBUILDING  LOCKS  Nos.  51  AND  55,  BLACK  RIVER 

CANAL. 

(Act,  Chapter  566,  Laws  of  1897.) 
Dated,  September  1,  1897.    Wilkes  D.  Dodge,  contractor. 

Estimated  cost  each  lock |15,785  00 

Payments  to  September  30th,  lock  51 1,207  00 

These  locks  are  to  be  rebuilt  of  cut  stone  upon  plan  in  use  for 
four  years.  The  locks  in  worst  condition  are  selected  for  rebuild- 
ing. At  least  6  locks  should  be  rebuilt  each  year  as  at  that  rate 
it  will  require  10  years  to  rebuild  those  that  are  liable  to  fail  at 
any  time.  One  hundred  thousand  dollars  should  be  set  apart 
each  year  for  rebuilding  these  locks  if  the  Black  River  canal  is 
to  be  maintained. 
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SUPEBSTBUOTUBE  FOB  SWING  BBIDGE  AT  QABDEN 

STBEET,  BOME. 

(Act,  Chapter  965,  Laws  of  1896.) 
Dated,  April  16, 1896.    Havana  Bridge  Works,  ^contractors. 

Engineer's  estimate |4,000  (MK 

Payments  to  September  30th 2,636  00 

Appropriation  for  entire  bridge 7,000  00* 


a- 


This  bridge  is  completed  and  in  operation.  Final  account  will 
be  rendered  soon. 

The  foregoing  comprises  all  of  the  extraordinary  repairs  that 
have  come  under  the  supervision  of  this  department  for  the  past 
year.    It  has  been  our  effort  to  have  all  work  done  in  the  most 

« 

substantial  manner  and  it  is  believed  the  character  of  work  done^ 
fully  justifies  the  effort. 

In  closing  this  report  I  beg  leave  to  state  that  the  organization 
of  this  department  for  the  improvement,  made  up  as  it  was  on> 
short  notice  of  large  number  of  men  of  satisfactory  educational 
abilities,  but  deficient  to  a  large  extent  in  experience  in  con- 
struction, has  been  attended  with  some  embarrassment,  but  I 
bear  willing  testimony  to  their  honest  endeavor  to  do  their  f  uU 
duty,   and  to  their  courteous  bearing  toward  their  superior 

officers. 

Very  respectfully  submitted, 

W.  H.  H.  GEBE, 

Division  Engineer. 


Western  Division. 


Hon.  Campbell  W.  Adams,  State  Engineer  cmd  Surveyor: 

Sir. — I  haye  the  honor  of  submitting  to  you  my  report  on  the 
Western  Diyision  of  the  State  Canals  for  the  fiscal  year  ending 
September  30,  1897. 

The  canal,  slips  and  navigable  feeders  are  as  follows: 

Miles. 

Erie  canal  from  the  east  line  of  Wayne  county  to 

Hamburg  street  in  the  city  of  Buffalo 148.92 

Fiye  slips  in  the  city  of  Buffalo,  aggregate  length ....  1 .  60 

Genesee  river  feeder,  in  the  city  of  Rochester 2 .  25 

Total 152.77 

!  ===== 

UNNAVIGABLE  FEEDERS. 

Tonawanda  and  Oak  Orchard 11.55 

Genesee  Valley  canal,  from  Cuba  reservoir  to  lock  No. 

87,  Rockville 7.65 

Genesee  Valley  canal,  from  Scottsville  to  Rochester 

Rapids  dam 11 .  00 

Total 30.20 


The  resources  of  water  supply  for  the  Erie  canal  are  as  follows: 

1.  Lake  Erie,  at  Buffalo. 

2,  Tonawanda  creek,  at  Pendleton. 

8.  Tonawanda  and  Oak  Orchard  creek,  at  Medina. 
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4.  Allen's  Greek  through  the  GeneBee  Valley  canal  and 
Genesee  river  feeder,  from  Scottsville  to  Rochester;  this  water 
is  connected  from  the  Genesee  Valley  canal  by  pipe,  across  the 
Genesee  river  to  the  feeder  below  the  Rapids  dam  and  thence 
into  the  canal. 

5.  The  Cuba  reservoir  in  Allegany  county,  through  the 
Genesee  Valley  canal  and  the  Genesee  river  to  Rochester,  and 
through  the  Genesiee  river  feeder  in  the  city  of  Rochester  into 
the  canal.  The  Tonawanda  and  Oak  Orchard  feeder  and  the 
Genesee  river  assist  in  filling  the  canal  in  the  spring;  the  water 
from  Allen's  creek  at  Scottsville,  which  is  taken  into  the  feeder 
at  Rochester,  tends  to  keep  the  water  in  the  feeder  pure  during 
the  summer  months. 

DAMS. 

There  are  six  dams  on  the  division  as  follows: 

1.  One  across  Tonawanda  creek  near  its  mouth;  it  raises  the 
waters  in  the  creek  about  four  feet  above  the  level  of  the  Nia- 
gara river. 

2.  One  across  the  same  creek  south  of  Medina;  its  purpose  is 
to  turn  the  waters  of  the  creek  into  the  feeder  and  through  it 
into  the  channel  of  Oak  Orchard  creek,  and  thence  into  the  canal 
at  Medina. 

3.  One  across  Allen's  Creek,  in  the  village  of  Scottsville,  to 
send  the  water  through  the  Genesee  Valley  canal,  which  is  now 
used  as  a  feeder  from  Scottsville  to  Rochester. 

4.  One  across  the  Genesee  river  at  Rochester  to  turn  the  water 
of  the  stream  into  the  feeder. 

5.  One  across  Oak  creek,  near  the  village  of  Cuba,  Allegany 
county,  to  hold  the  waters  of  that  creek  and  form  a  reservoir; 
it  is  composed  of  earth  faced  with  rip-ittp  and  slope  wall,  and 
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is  2^200  feet  long  and  65  feet  in  height  where  it  crofises  the 
stream. 

6.  One  across  a  valley  two  miles  from  the  last  mentioned  one; 
it  has  a  waste- weir  composed  of  stone  to  serve  as  an  escape  for 
the  waters  of  the  creek  when  the  reservoir  is  full. 


LOCKS. 

There  are  twenty-three  locks  on  this  division  and  all  lock  down 
toward  tide-wilter. 

No.  Location  Lift  In  ff^et. 

53.  One  and  one-fonrth  miles  west  of  Clyde  (lengthened),  4.755 

54.  At  lock  Berlin  (lengthened) 7.360 

55.  In  the  village  of  Lyons  (lengthened) 6.251 

56.  Poorhouse;  one  and  seven-tenths  miles  west  of  Lyons 
(lengthened) 9.848 

57.  Lower  lock  at  Lockville,  near  Newark  (not  length- 
ened)    8.028 

58.  Middle  lock  at  Lockville,  near  Newark  (not  length- 
ened)   8.004 

59.  Upper  lock  at  Lockville,  near  Newark  (not  length- 
ened)   '. 8.002 

60.  Eight-tenths  of  a  mile  east  of  Macedon  (lengthened),  9 .  886 

61.  In  the  village  of  Macedon  (lengthened) 6.601 

62.  Two    and    one-quarter    miles    west    of    Pittsford 
(lengthened) 8.807 

63.  Miller's  lock  in  the  village  of  Brighton  (lengthened),  8.719 

64.  Hippie's  lock  in  the  village  of  Brighton  (lengthened),  10.108 

65.  Reservoir  lock  in  the  city  of  Rochester  (lengthened),  10.102 

66.  First  lock  in  the  city  of  Rochester  (lengthened) 8 .  859 
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Ko.  Location.  Lift  in  feet. 

67-71.  Five  combined  locks  at  Lockpoirt  (not  lengthened),  57 .  427 
One  guard  lock  at  Sulpher  Springs  (deepened) ;  it 
has  one  chamber,  110  x  20  feet  and  two  additional 
head-gates.  These  gates  are  closed  when  a  flood 
occurs  in  Tonawanda  creek;  otherwise,  they  are  left 
«pen. 

One  river  Ipck  at  Tonawanda  connecting  the  Nia- 
gara river  with  the  canal;  the  lift  is  generally  four 
feet,  depending  on  the  height  of  water  in  the  river. 
One  double  chamber  guard  and  lift  lock  (length- 
ened and  deepened)  at  Black  Bock  (No.  72);  it  is 
112x20  feet.  The  lift,  together  with  the  fall  in 
the  harbor  from  the  canal  below  the  mean  low  water 
in  the  lake  is 2.425 


Total 175.182 


By  adding  to  the  above  lifts  the  surface  descent  on  the  differ- 
ent levels,  we  get  the  total  descent  on  the  division : 

On  Montezuma  level 196 

On  Twelve-mile  level,  Nos.  59  to  60 165 

On  Seventeen-mile  level,  Nos.  61  to  62 343 

On  Three-mile  level,  lios.  62  to  63 063 

On  long  level,  Bochester  to  Lockport,  Nos.  66 

to  67 3.165 

On  level  between  Lockport  and  Black  Bock. . . .       1.239 

5.171 

Total  descent  going  west 180.353 


X 


•  »• 
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There  is  also  one  single  chamber  ship  lock  from  Black  Bock 
harbor  to  Niagara  river;  it  is  200  x  36  feet.  The  lift  is  usually 
four  feet,  depending  on  the  height  of  water  in  lake  and  river. 
The  weigh  lock,  in  the  city  of  Bochester,  has  not  been  used  as 
such  for  some  years. 

Nearly  all  the  locks  on  this  division,  with  the  exception  of  the 
Black  Bock  and  Sulphur  Spring  guard  locks,  need  repairing;  but 
this  work  is  to  be  done  under  the  canal  improvement  in  connection 
with  the  deepening  of  the  locks,  as  will  be  noted  later 

BBIDOES. 

Over  the  Erie  canal  and  slips  connecting  there  are  274  bridges, 
of  which  37  are  built  of  wood,  21  of  wood  and  iron  and  216  of  iron 
or  steel,  37  of  the  last  being  railway  bridges.  All  the  wooden 
bridges,  with  the  exception  of  a  few  recently  renewed  are  m 
bad  repair  and  should  be  replaced  soon  by  steel  or  iron  structures. 

During  the  year  the  following  bridges  were  built;  the  cost  of 
those  built  by  contract,  together  with  other  details,  can  be  found 
in  the  tables  annexed. 

Jersey  street,  Buffalo,  act,  chapter  668,  Laws  of  1894,  and  act, 
chapter  482,  Laws  of  1896. 

A  bridge  thait  had  been  in  use  at  Porter  avenue,  Buffalo,  was 
repaired,  widened  and  placed  upon  the  abutments  at  Jersey  street, 
which  were  built  under  act,  chapter  668,  Laws  of  1894. 

Porter  avenue,  Buffalo,  N.  Y.,  act,  chapter  590,  'Laws  of  1895, 
and  act,  chapter  482,  Laws  of  1896. 

The  money  u£»ed  in  building  this  bridge  was  furnished,  in  part, 
by  the  State  and  in  part  by  the  city  of  Buffalo.  Porter  avenue, 
where  it  crosses  the  Erie  canal,  is  a  x>art  of  the  Park  system'  of 
Buffalo,  and  a  bridge  larger  and  more  artistic  than  would  other- 
wise have  been  built  was  deemed  necessary. 
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The  bridge  as  built  ie  a  riveted  ateel  arch  of  186  feet  epan  be- 
tween  pin  centers  and  a  15-foot  rise  of  arch.  It  has  one  roadway 
50  feet  wide  and  two  sidewalks  each  25  feet  wide.  The  roadway 
is  paved  with  asphalt  and  the  sidewalk  with  concrete  topped  with 
crushed  granite  laid  in  5-foot  squares,  both  pavement  and  side- 
walks being  guaranteed  for  five  years.  Oast-iron  ornamental 
work  is  applied  to  the  two  outside  girders,  the  design  oonsistin'g 
of  pilasters  with  interveniuig  panels,  caipitals  8urmo>un<tin)g  the 
pilasters  and  a  projecting  cornice  at  the  level  of  the  sidewalk.  A 
cast-iron  balmstrade  with  panels  supporting  ornamental  posts 
carrying  a  pipe  railing,  extends  along  each  side  of  the  bridge  and 
terminates  in  the  masonry  buttresses  at  each  end.  These  but- 
tresses support  the  electrolier  x)osts,  each  of  the  four  poets  carry- 
ing three  clusters  of  three  50-candle  power  incandescent  electric 
lights  each.  A  large  globe  of  opalescent  glass  set  in  a  wrought 
iron  basket  encloses  each  cluster  of  lights. 

The  abutments  of  the  bridge  are  founded  on  piles  and  are 
built  of  concrete  faced  with  rock  pointed  limestone.  The  wings 
curved  and  coped  with  bush  hammered  limestone.  The  ends^of  the 
wings  are  topped  by  bush  hammered  limestone  balls,  four  feet 
in  diameter.  A  circular  buttress  of  bush  hammered  limestone 
is  on  each  end  of  the  abutments.  The  bridge,  as  completed, 
presents  a  fine  appearance,  and,  up  to  date,  there  has  been  no 
sign  of  settlement. 

The  other  bridge  work  done  during  the  year  contained  no 
items  of  especial  interest,  the  laws  governing  the  same  and  the 
tables  annexed  showing  the  character  and  cost  of  the  work. 
Most  of  the  bridges  in  Buffalo,  excepting  those  built  within  the 
last  few  years,  are  altogether  too  light  for  the  traflSc  which  they 
are  now  carrying.    A  number  of  applications  from  street  rail- 
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ways,  desiring  to  lay  tracks  across  diflterent  bridges,  and  from 
companiefs  desiring  to  move  extra  heavy  loads  have  had  to  be 
denied  on  account  of  the  condition  of  the  bridges.  Gteneeee  street 
and  Oommercial  street  bridges  across  the  Erie  canaJ,  and  Perry 
street  and  Elk  street  bridges  across  the  Olark  and  Bkinner  canal, 
and!  Washington  street  bridge  across  the  Hamburg  oanal  are 
esx>ecially  unsafe.  The  last  has  been  strengthened  this*  year  by 
piling. 

In  Rochester  the  West  avenue  lift  bridge  and  the  Exchange 
street  swing  bridge  are  unsafe.  A  bill  for  a  new  bridge  at  Ex- 
change street  has  been  passed,  but  the  money  appropriated  is 
not  large  enough  to  build  such  a  bridge  as  the  bill  calls  for. 
Plans,  specifications  and  estimates  for  this  bridge  have  been  sent 
to  this  oflSce. 

I  sh>ould  also  recommend  that  in  future  all  highway  and  farm 
bridges  now  built  of  wood/  should,  as  occasion  requires,  be  re- 
placed by  iron  or  steel  structures;  and  also  that  more  attention 
should  be  paid  to  the  painting  of  all  steel  and  iron  teuctures  be- 
longing to  the  State.  Most  of  the  metal  structures  are  deterio 
rating  much  more  rajpidly  t!han  is  usual,  because  of  lack  of  paint. 

GENERAL. 

All  of  the  other  work  done  on  this  division  during  the  past  year 
has  been  in  the  line  of  repairs,  and  the  laws  and  tables  "  Con- 
tracts completed  "  and  "  Contracts  pending  "  will  give  a  general 
idea  of  the  work.  On  the  line  of  the  Erie  canal  most  of  the  re- 
pairs needed  are  already  under  control  or  are  planned  for,  as 
will  he  noted  later.  A  large  amount  of  work  is  necessary  in  the 
Indian  reservations.  The  roads  and  most  of  the  bridges  except 
those  repaired  during  the  last  two  years,  are  in  very  poor  con- 
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dition.  I  should  recommiend  an  appropriation  of  at  least  f  25,000 
to  be  expended  during  the  next  summer  on  the  reservations. 

The  Tonawanda  dam  and  the  Tonawanda  River  lock  should  be 
remodeled,  as  recommended  in  last  year's  report.  The  high  tow- 
path  canal  bank,  about  four  miles  west  of  Rochester  is,  and  has 
been  for  a  number  of  years,  in  an  unsafe  condition,  and  should 
be  made  safe,  probably  by  a  change  in  the  location  of  the  canal. 
Plans  contemplating  both  of  these  last  improvements  are  now 
being  miade. 

No  breaks  causing  any  great  delay  to  navigation  have  occurred. 
Culvert  No.  1,  which  was  repaired  last  winter,  caused  some  trouble 

in  the  early  spring.    This  will  be  repaired  during  the  coming 

« 

winter. 

Besides  the  work  done  showing  in  tables,  "  Contracts  Com- 
pleted "  and  "  Contracts  pending,"  the  following  work  done  by 
the  State  forces  has  been  planned  and  supervised  by  this  depart- 
mient: 

Act,  chapter  974,  Laws  of  1896,  appropriation  f 570,  for  building 
a  pile  dock  in  Tonawanda  creek. 

Act,  chapter  947,  Laws  of  1896,  appropriation  |8,000,  for  build- 
ing a  temporary  coffer-dam  and  aqueduct  at  Lockport. 

Act,  chapter  790,  Laws  of  1897,  appropriation  |800,  for  repair- 
ing and  graveling  highway  across  Cattaraugus  Indian  Reserva- 
tion from  Lawton  station  to  Thomas  asylum. 

Act,  chapter  950,  Laws  of  1896,  and  act,  chapter  790,  Laws  of 
1897,  appropriation  |2,000,  for  building  a  bridge  and  improving 
State  roads  in  the  Tonawanda  Indian  Reservation. 

Act,  chapter  790,  Laws  of  1897,  appropriation  |1,000,  for  re- 
moving obstructions  in  Findlay's  lake. 
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Act,  chapter  790,  Laws  of  1897,  appropriation  13,000,  for  re- 
pairing and  preservinig  highways  in  the  AllegajQj  Indian  Reser- 
vation* 

Act,  chapter  790,  Laws  of  1897,  appropriation  f  1,000,  for  re- 
pairing and  preserving  highways  in  the  Cattaraugus  Indian  Bee- 
ervation. 

Act,  chapter  790,  Laws  of  1897,  appropriation  |6,000,  for  con- 
structing a  bridge  over  the  Allegany  river  between  Oarrolton  and 
Allegany,  Cattaraugus  county.        i 

Act,  chapter  947,  Laws  of  1897,  appropriation  |4,840,  for  im- 
proving the  channel  from  the  State  culvert,  under  the  Erie  canal, 
at  Brockport. 

Act,  chapter  791,  Laws  of  1897,  appropriation  f300,  for  repair- 
ing abutments  and  filling  washout  at  Clear  Creek  bridge,  Catta- 
raugus Indian  Reservation. 

CANAL  IMPROVEMENT  WORK. 

Act,  chapter  79,  Laws  of  1895 ;  act,  chapter  794,  Laws  of  1896 ; 
act,  chapter  43,  Lav^^  of  1897;  act,  chapter  569,  Laws  of  1897, 
appropriation,  19,000,000. 

As  reported  in  last  year's  report,  the  surveys  for  the  work  was 
finished  during  the  year  ending  September  30,  1896.  Plans  for 
the  entire  improvement  with  the  exception  of  (1)  the  lowmng 
of  the  Rochester  aqueduct,  (2)  the  rebuilding  five  stop-gatefi,  and 
(3)  the  improvement  and  lowering  of  locks  57,  58  and  59,  have 
been  submitted  to  you  during  the  past  year. 

The  exact  manner  of  doing  the  work  under  the  three  excep- 
tions noted  above  has  not  been  determined.  Table  No.  3,  an- 
nexed, shows  the  length,  engineer's  estimate,  and,  as  far  as  let,, 
the  contract  price  for  all  of  this  work. 
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A  statement  of  the  engineering  expenses  is  annexed  showing 
in  detail  the  names  of  the  persons  employed,  time  of  service  and 
compensation  of  each.  The  division,  during  the  past  year,  has 
been  in  charge  of  J.  L.  Little  as  division  engineer,  0.  R.  Neher 
as  resident  engineer,  and  M.  W.  Wilbur  as  first  assistant  en- 
gineer. 

Respectfully  submitted, 

J.  L.  LITTLE, 

Division  Engvaeer. 
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Summary. 


EXTRAORDINARY  REPAIRS. 


Ordinary  repairs 

Porter  avenae  bridge,  Buffalo 

Dred|^nK  lower  Black  Rook  harbor 

Rebiiildlofr  vertical  wall  at  Sodui  street,  Clyde 

RebaildinK  Torttcal  wall  at  Monteaama  street,  Lyons 

Eolarffing  spillway.  Cuba  reservoir 

RebuiTdinf;  vertloa]  wall  between  South  Clinton  and  Soath  St.  Paul 

streets,  Rochester 

Improving;  channel  of  Falls  creek,  Montour  falls 

Dyke  along  Chemung  river  at  Chemung 

Dredging  and'removing  obstructions,  Findley's  lake 

Repairing  highways  Cattaraugus  Indian  reservation  troia  Lawtons 

to  Versailles 

Completing  bridge  across  Cattaraugus  Creek  at  Versailles 

Repairs  to  Dock  in  Brie  Basin 

Buoys  in  Erie  Basin 

Improving  channel  of  Newtown  creek 

Exchange  street  bridge,  Rochester 

Bridge  over  Oak  Orchard  feeder,  Medina 

Rebuilding  Newark  waste  weirs 

Replacine2  24-inch  pipee  with  1  48-inch  pipe  under  Erie  canal 
between  Ninth  and  Tenth  streets,  Rochester ^  — 

Dyke  along  the  Chemung  river,  Elmira 

Building  bridge  and  improving  State  roads,  Tonawanda  Indian 
Reservation 

Improving  channel  leading  fh>m  State  culvert  under  Erie  canal  at 

Brockport 

Deepening  and  improving  Cayuga  creek 

Deepening  and  improving  Mud  creek 

Repairing  and  preserving  highways  on  the  Cattaraugus  Indian 

Reservation 

Constnicting  a  bridge  over  the  Allegany  river  between  Carrolton 

and  Allegany 

Oenesee  river  storage  dam 

Repairing  abutments  of  Cook's  bridge  and  lengthening  culverts 

S3  and  34,  and  rebuilding  culvert  32.  all  in  Plttsford 

Bnildiug  temporary  aqueduct  and  coffer  dam  at  Lockport 

Rebuilding  iron  culvert  under  Genesee  river  feeder  at  Rochester. . . 

Rebuilding  and  repairing  culverts  86  and  38  at  Brighton 

Rebuilding  culvert  between  Medina  and  Knowles ville 

Repairing  waste  weirs  at  Lockport,  Middleport  and  near  Mabee's 

bridge 

Remo^ng  old  pile  dam  across  Chemung  river  at  Coming 

Repairing  ana  preserving  highways  on   the   Allegany   Indian 

reservation 

Special  surveys  court  of  claims 

Rebuilding  Brighton  waste  weir  and  north  head  wall  of  Allen's 

creek  culvert 

Rebuilding  berme  abutment  of  Jay  street  Bridge,  Rochester 

Rebuilding  culverts  Nob.  1  and  2 

Canal  improvement 
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Amount. 


$1,936  24 

2,224  28 

806  67 

61  96 

189  58 

200  00 

888  50 

-600  OO 

500  00 

126  94 

32  88 
150  00 
100  00 

23  00 

2,467  72 


75  00 

71  55 
390  00 

883  00 
1,088  89 

290  00 

165  48 
198  21 
840  60 

54  48 

182  4* 
2»598  29 

258  66 

120  00 
227  50 
482  70 
592  09 

185  20 

88  83 

119  89 
885  61 

806  60 
288  00 
SPO  91 

98,142  27 


$119,684  Oa 


OF   THE 


EXTENT  AND  PRESENT  STATUS  OF  ALL 
CANAL  IMPROVEMENT  CONTRACTS 


ON  THB 


WESTERN  DIVISION, 


EMBRACINa 


All  of  the  Erie  Canal  from  the  East  Line  of 
Wayne  County  to  Buffalo,  N.  Y. 


Submitted  bt  J.  L.  Ltitlb,  Division  EiraiNEBB. 


Extent  and  Present  Status  of  all  Canal 

Improvement  Contracts  on  the 

Western  Division. 


CONTBAOT  No.  1. 


Dated,  November  5,  1896.    Donnelly  Contracting  Oocnpanj^ 

•ontractoiB. 

Engineer's  estimate |433,225  00 

Additional  work  authorized  by  canal 

board 36,920  00 

1469,145  00 

Estimate  at  contract  prices 394,955  00 

Work  done  including  10  per  cent  retained 556,060  00 


This  contract  extends  from  station  83+10,  near  Perry  street,  to 
the  Commercial  slip  in  the  city  of  Buffalo,  and  including  Com- 
mercial slip  and  slips  Nob.  1,  2  and  3,  a  distance  of  3.45  miles. 

The  work  done  under  this  contract  presented  difficulties  not 
met  with  on  any  other  portion  6t  the  canal.  This  section  of  the 
eanal  connects  directly  with  Lake  Erie  through  Commercial  slip 
and  slips  Nos.  1,  2  and  3.  Lake  Erie,  through  these  slips  and 
through  an  entrance  from  the  harbor  near  the  International 
bridge  on  contract  No.  2,  furnishes,  during  the  greater  part  of  the 
year,  almost  the  total  feed  of  water  for  the  entire  western  divi- 
sion of  the  canal.  The  water  surface  of  Lake  Erie,  due  to  the 
small  depth  of  the  lake  and  to  high  winds,  varies  greatly,  and 
the  water  surface  of  the  canal  from  the  lake  to  the  Black  Bock 
guard  lock  on  contract  No.  2,  varies  accordingly.    For  this  rea- 
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eon  it  was  decided  on  this  section  of  the  canal  to  excavate  deep 
enough  to  obtain  at  least  9  feet  of  water  in  the  canal  when  Lake 
Erie's  water  surface  was  at  its  lowest.  After  examining  all  avail- 
able records,  an  elevation  of  569  feet  above  tide  water  was  de- 
cided ui>on  as  Lake  Erie's  low  elevation  during  the  season  of 
navigation*  This  made  the  new  canal  bottom  560  feet  above  tide 
water.  The  old  canal  bottom  was  originally  562.02,  which  would 
make  the  cut  for  the  new  canal  bottom  two  feet.  Ever  since  the 
canal  was  built,  the  city  of  Buffalo  has  been  allowed  to  empty  a 
large  number  of  sewers  into  it,  and  as  a  result  the  cut,  instead  of 
being  two  feet,  averaged  four  feet,  the  cutting  near  the  berme 
bank  running  as  deep  as  eight  feet.  This  made  the  quantities  of 
excavation  run  much  higher  than  the  preliminary  estimate 
showed,  though  the  quantities  on  the  bidding  sheet,  159,000  cubic 
yard  of  earth  and  101,100  cubic  yards  of  rock  will  approximate 

m 

closely  to  the  actual  amounts  excavated  from  the  canal  prism.  A 
I)ortion  of  this  section  of  the  canal  was  drained  about  25  years 
ago,  but  the  records  of  the  work  done  then  are  meager  and  no 
records  can  be  found  as  to  when  the  other  portion  was  drained. 

lNo  records  could  be  found  showing  the  section  of  the  vertical 
walls,  the  elevations  of  their  foundations,  or  the  material  on 
which  they  were  founded,  and  the  same  applies  to  all  the  older 
bridge  foundations.  In  order  to  drain  this  section  of  the  canal, 
six  dams  were  erected,  one  across  the  Erie  canal  at  Commercial 
street,  one  across  slip  No.  1,  one  across  slip  No.  2,  one  across  slip 
No.  3  and  one  across  the  Erie  canal  at  Ferry  street.  Another 
dam  for  protection  was  placed  across  the  canal  near  Georgia 
street.  ,  \ 

On  January  1, 1897,  the  canal  between  Georgia  street  and  Ferry 
street  had  been  pumped  dry  and  the  work  of  excavation  started, 
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and  on  February  20th  all  of  the  section  was  dry  and  the  condition 
of  the  canal  bottom  could  be  seen.      The  whole  bottom  was 
covered  with  sediment  running  from  about  2  feet  deep  in  the 
center  to  four  on  the  towpath  and  six  on  the  berme  bank.    The 
stench  arising  from  this  sediment,  especially  between  Georgia 
and  Commercial  streets  was  very  bad  and  the  sediment  being  too 
soft  to  allow  men  or  teams  to  work  in  it,  no  excavation  could  be 
made  till  it  had  dried  out,  and  this  would  not  happen  until  the 
Buffalo  sewers  were  made  to  empty  elsewhere.      The  city  had 
been  notified  some  time  before  that  no  sewers  would  be  allowed 
to  drain  into  the  canal  during  the  improvement  work  and  were 
ordered  to  make  arrangements  to  that  end.    Nothing  was  done 
for  some  time  but  finally  the  contractors  constructed  a  wooden 
box  sewer  along  the  foot  of  the  berme  wall,  which  caught  the 
sewerage,  carried  it  to  the  Commercial  street  dam,  where  it  was 
pumped  over  the  dam  into  the  Commercial  slip.    The  work  of 
excavation  then  started.    The  city  board  of  health  immediately 
began  to  object  to  the  depositing  of  the  excavated  material  on 
the  spoil  banks  on  account  of  the  smell,  and  the  owners  of  the 
land  appropriated  temporarily  for  spoil  banks  objected  for  the 
same  reason,  and  obtained  injunctions  restraining  the  contractor 
from  depositing  the  excavation  on  their  property.    Lime  and 
other  disinfectant  were  used  to  lessen  the  smell  and  the  courts  set 
aside  the  injunction.    A  delay  of  one  month  was  caused  by  in- 
junctions obtained  by  the  owners  of  the  abandoned  portion  of  the 
Evans  ship  canal  which  was  wanted  for  a  spoil  bank.    The  United 
States  Government,  by  military  force,  also  seriously  delayed  work 
for  one  month.    The  land  in  front  of  Fort  Porter  between  the 
K.  Y.  C.  By.  and  the  canal,  which  all  State  records  show  that  the 
State  owns,  was  needed  for  a  spoil  bank  and  is  the  only  available 
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spoil  bank  between  Ferry  street  and  the  N.  Y.  O.  By.  bridge,  a 
distance  of  0.9  miles. 

The  United  States  Government  however,  also  claimed  the  land 
and  before  it  could  be  used  by  the  State,  permission  had  to  be 
obtained  from  the  Secretary  of  War.  The  title  of  this  land  is 
still  in  dispute  though  there  is  no  doubt  but  what  it  is  State 
proi>erty. 

'When  the  estimate  for  this  contract  was  made,  due  to  the  im- 
possibility of  then  draining  the  canal  and  to  the  meager  records 
in  regard  to  the  conditions  of  wall  and  structures  as  before 
noted,  the  quantities  named  in  the  estimate,  with  the  exception  of 
the  excavation  in  the  canal  prism,  were  largely  questions  of  guess 
work. 

Not  knowing  the  elevations  of  the  foundations  of  the  vertical 
walls,  it  was  impossible  to  know  how  much  of  the  wall  would  fall 
in  when  the  canal  excavation  was  made^  and  as  a  result,  it  was 
imx>o8sible  to  more  than  guess  at  the  amount  of  new  wall 
needed,  the  amount  of  excavation  necessary  to  build  new  wall, 
the  amount  of  embankment  and  lining  that  would  have  to  be 
placed  behind  the  new  wall  and  the  timber  necessary  for  the 
foundations.  The  character  of  the  material  to  be  excavated 
from  the  canal  prism  was  of  such  various  character  that  it  was  a 
difficult  matter  to  estimate  how  much  this  material,  measured  in 
excavation,  would  measure  in  embankment.  On  this  depended 
the  amount  of  embankment  that  would  have  to  be  paid  for,  as 
all  material  excavated  and  hauled  more  than  1,000  feet  before 
it  was  deposited,  had  to  be  paid  for  both  as  excavation  and  em- 
bankment. Therefore  the  amount  of  material  that  a  given  piece 
of  land  would  hold  had  to  be  determined  before  the  embankment 
could  be  calculated.    A  large  portion  of  the  material  excavated 
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was  BO  soft  that  it  was  semi-fluid,  and  as  a  result  it  was  impos- 
sible to  deposit  on  a  number  of  Rpoil  banks  the  yardage  that 
had  been  calculated  upon,  as  the  deposit  could  not  be  piled  as 
high  as  had  been  figured  on.  Other  spoil  banks  had  to  be  ac- 
quired and  in  all  cases  these  were  beyond  the  limit  of  haul,  1,000 
feet,  and  all  this  material,  there  deposited,  had  to  be  paid  for  as 
embankment  in  addition  to  the  price  for  excavation.  The  amount 
of  embankment  in  the  final  estimate  will,  on  this  account,  exceed 
that  shown  in  the  bidding  sheet  and  estimate. 

It  waa  expected  when  the  contract  was  let,  that  nothing  would 
have  to  be  done  with  any  of  the  bridge  abutments,  but  on  April 
21flt,  the  abutments  of  the  Oenesee  street  bridge  began  to  fall. 
The  bridge  was  moved,  new  abutments  built  and  the  bridge  re- 
placed.   During  the  month  of  July,  1897,  rain  fell  on  20  days, 
and  the  records  show  an  aggregate  precipitation  of  7.52  inches. 
On  the  11th  of  July,  2.02  inches  fell  between  5  p.  m.  and  7  p.  m., 
and  the  water  brought  into  the  canal  by  the  Buffalo  City  sewers 
filled  the  canal  with  water  to  a  depth  of  3^  feet  in  spite  of  the 
fact  that  14  pumps  varying  in  size  from  6  to  12  inches  discharge, 
and  with  a  capacity  of  91,000,000  gallons  per  24  hours,  were 
constantly  at  work.    Owing  to  the  increased  cross  sections  of 
the  canal  prism  due  to  the  excavation  at  that  time  finished,  the 
amount  of  water  in  the  canal  on  the  evening  of  July  ^th  waa 
equal  to  the  total  amount  of  water  in  the  canal  before  it  was 
first  drained.    During  this  storm  the  Erie  street  sewer,  which 
empties  into  the  canal  through  the  center  of  the  berme  abutment 
of  the  Erie  street  bridge  became  overcharged  and  bursted  in  the 
rear  of  the  abutment    The  foundation  of  this  abutment  waa 
13  feet  above  new  canal  bottom,  but  it  was  hoped  that  it  would 

be  possible  to  save  both  this  and  the  towpath  abutment,  which 

21 
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was  in  the  same  shape,  bv  a  system  of  sheet  piling.  Bot  when 
the  sewer  bursted,  the  water  started  under  and  around  the 
abutment,  soon  undermining  it.  An  attempt  was  made  to  hold 
the  bridge  and  abutments  by  the  aid  of  braces,  but  in  spite  of  all 
efforts,  on  July  13,  1897,  three  of  the  five  trusses  and  half  of  the 
berme  abutment  fell  into  the  canal.  It  was  then  decided  that 
new  abutments  must  be  built.  Before  this  could  be  done,  it  was 
necessary  that  two  large  tenement  blocks  bordering  on  Erie 
street  and  the  canal,  should  be  underpinned^  These  buildings 
were  close  to  the  canal,  their  foundations  were  but  a  few  feet 
below  the  to^'path  level  and  a  settlement  in  the  buildings  was 

• 

noticed  soon  after  the  bridge  fell.  The  buildings  were  deemed 
unsafe  and  the  tenants  were  ordered  to  vacate.  By  this  time, 
July  13th,  work  on  this  contract  was  so  far  completed  that  water 
could  be  let  into  the  canal  if  the  Erie  street  bridge  had  not  fallen. 
It  was  necessary,  in  order  to  underpin  the  buildings  before  men- 
tioned, and  to  rebuild  the  Erie  street  bridge  abutments,  that  the 
canal  should  be  kept  drained. 

It  was  then  decided  to  order  another  dam  built  at  Charles 
street  about  200  feet  east  of  Erie  street,  thus  allowing  boats  to 
enter  the  canal  through  slips  Nos.  1,  2  and  3.  This  dam  was 
buiH  and  water  was  let  into  this  section  of  the  canal  on  August 
7th.  The  specifications  for  this  contract  stated  that  work  must 
be  so  far  advanced  as  not  to  interfere  with  the  opening  of  navi- 
gation on  May  1,  1897.  But  on  account  of  the  various  delays 
above  mentioned,  which  were  not  due  to  any  lack  of  enterprise 
on  the  part  of  the  contractor,  it  was  decided  to  extend  the  time 
for  the  completion  of  the  work.  In  order  not  to  stop  navigation, 
the  contractor  agreed  to  tow  all  canal  boats,  loading  in  the 
various  basins,  through  the  harbor  and  into  the  canal  through 
the  opening  between  the  harbor  and  the  canal  near  the  Inter- 
national bridge,  and  also  to  tow  all  boats,  coming  from  the  east, 
from  the  International  bridge  to  the  basin.    This  was  entirely 
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satisfactory  to  the  boat  owners,  the  only  people  objecting  to  the 
arrangement  being  owners  of  the  different  stores  and  ware- 
houses situated  on  the  banks  of  the  closed  portion  of  the  canal. 
The  vertical  walls  on  the  section  from  Perry  street  to  Porter 
avenue  stood  in  very  good  shape,  as  most  of  them  were  founded 
on  rock.  The  walls  on  the  rest  of  the  contract  stood  fairly  well 
until  early  spring,  when  the  frost  in  the  ground  began  to  leave. 
The  height  of  the  vertical  walls  varied  from  14  to  28  feet.  Up 
to  May  1st  only  1,045  cubic  yards  of  vertical  wall  had  been  re- 
laid  while,  owing  to  walls  falling  in  after  that  time,  the  final 
estimate  will  show  about  30,000  cubic  yards,  all  of  which  it  was 
absolutely  necessary  to  rebuild. 

The  contractors  for  this  work  are  the  Donnelly  Contracting 
Company.  Tables  and  a  profile  annexed  show  the  cost  of  the 
work  up  to  date,  and  a  typical  cross  section  of  the  canal.  In  the 
construction  of  the  dams,  the  contractors  used  373,000  feet  B.  M. 
of  lumber  and  2,200  lineal  feet  of  piles.  In  the  runways,  to  en- 
able teams  to  haul  loads  from  the  canal  bottom  to  the  spoil 
banks,  286,000  feet  B.  M.  of  lumber  was  used*.  In  soft  canal 
bottom  and  on  spoil  banks  5,100  lineal  feet  of  plank  roadway 
was  laid,  consuming  336,000  feet  B.  M.  of  lumber.  In  excavating 
the  rock,  120,000  holes,  spaced  about  5  feet  apart  and  from  IJ 
to  2  inches  in  diameter  and  varying  in  depth  from  2  feet  to  5  feet, 
were  drilled,  aggregating  about  80  miles  of  penetration.  About 
72  tons  of  40  per  cent,  dynamite  was  used;  102,000  cubic  yards 
of  rock,  for  the  most  part  flinty  lime  stone,  was  excavated.  As 
all  this  work  is  in  a  thickly  settled  portion  of  the  city,  all  blasts 
had  to  be  covered  with  heavy  timbers  chained  together;  200,000 
feet  B.  M.  was  destroyed  in  this  way.  In  drilling,  46  steam  and 
electric  drills  were  used.  In  cold  weather  the  electric  drills  did 
the  best  work  and  in  warm  weather  the  steam  drills.  The  elec- 
tric drills  had  the  advantage  in  that  the  power  is  delivered  to 
them  through  wires  suspended  on  movable  poles  and  so  allow 
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the  passing  of  teams,  while  the  surface  of  the  area  aroand  a  gang 
of  steam  drills  is  so  covered  by  steam  hose  that  such  passage  is 
impossible.  Any  laborer  of  ordinary  intelligence  can  run  an 
electric  drill  and  thus  the  cost  of  labor  per  drill  is  less  for  the 
electric  than  for  the  steam  drill.  About  224,000  cubic  yards 
of  earth  has  been  excavated. 

From  Ferry  street  to  the  N.  Y.  C.  railway  bridge,  the  excava- 
tion was  done  by  the  use  of  four  revolving  traveling  McMyler 
derricks,  with  55  and  65  feet  booms,  placed  in  the  canal  bottom 
and  loading  into  dump  cars  on  the  towpath.  The  derrick  skips 
held  1^  yards.  Two  locomotives  were  used  to  haul  the  cars  to 
the  spoil  banks.  This  method  of  handling  the  excavation  has 
been  the  most  satisfactory  so  far  seen  on  this  division,  and  as 
near  as  can  be  learned,  earned  the  contractor  a  good  profit,  his 
price  being  35  cents  for  earth,  f  1.53  for  rock  and  45  cents  per 
yard  for  all  material  hauled  over  1,000  feet. 

Aside  from  a  small  amount  of  earth  taken  out  by  dredges,  all 
the  rest  of  the  excavation  was  taken  from  the  canal  bottom  by 
wagons  and  dump  carts.  The  profit,  if  any,  to  the  contractor 
on  this  part  of  the  work  was  small.  The  assistant  engineer  in 
charge  of  this  work  is  O.  S.  Wilson. 

CONTRACT  No.  2. 

Dated,  November  4,  1896,  Buffalo  Dredging  Company,  con- 
tractors. 

Engineer's  estimate |287,834  00 

Additional   work   authorized    by   the 

canal  board 167,894  00 

1455,728  00 

Estimate  at  contract  prices 291,686  00 

Work  done  including  10  per  cent,  retained 321,990  00 
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This  contract  extends  from  station  328,  section  21,  near  McDon- 
alds culvert  to  station  87+10,  section  23,  near  Ferry  street,  Buf- 
f  alo,  N.  Y.,  a  distance  of  22.07  miles. 

Before  entering  into  the  details  and  character  of  the  work  con- 
templated under  this  contract,  it  will  be  necessary  to  state  briefly 
the  location  of  this  portion  of  the  canal.  Reference  €an  be  made 
to  the  profile  annexed.  From  Ferry  stteet,  where  contracts  Nos. 
1  and  2  join^  to  the  Black  Rock  guard  lock,  a  distance  of  1.58 
miles,  the  canal  preserves  the  same  general  cross  section  as  on 
contract  No.  1.  From  the  guard  lock  to  Tonawanda,  a  distance 
of  7.93  miles,  the  canal  runs  parallel  with  the  Niagara  river  and 
only  a  short  distance  away,  and  the  section  is  much  smaller, 
necessitating  an  increased  depth  and  grade  to  obtain  the  required 
flow  of  water;  from  Tonawanda  to  Pendleton,  a  distance  of  11.62 
miles,  the  Tonawanda  creek  is  used  and  the  crofes  section  is  large 
80  that  the  required  depth  of  9  feet  of  water  was  suflScient;  from 
Pendleton  to  McI>onalds  culvert,  a  distance  of  .94  miles,  the 
channel  was  not  so  wide,  and  a  slight  grade  was  given  to  the 
bottom  to  create  a  swifter  current.  The  exact  elevations  of  the 
old  and  new  surface  and  grade  can  be  seen  on  the  profiles  accom- 
panying this  report. 

No  part  of  the  canal  covered  by  this  contract,  so  far  as  can  be 
*  learned,  has  been  drained  since  it  was  constructed,  and  as  it  is 
impossible  to  drain  the  greater  portion  of  it,  all  the  work  was  let 
on  the  supposition  that  it  was  to  be  dredged.  Included  in  this 
contract,  besides  the  excavation,  were  four  items.  (1)  Lowering 
the  Black  Rock  guard  lock.  (2)  Rebuilding  the  Cornelius  creek 
culvert  and  (3)  rebuilding  the  3  mile  creek  culvert  and  (4)  rebuild- 
ing the  Tonawanda  State  ditch  culvert.  All  of  these  structures 
are  situated  between  Black  Rock  and  Tonawanda.    In  order  to 
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drain  the  canal  for  the  constrnction  of  these  structures  instead  of 
coffer-damming  each  structure  by  itself,  a  dam  was  put  across 
the  <*anal  above  the  guard  lock  and  another  below  the  State  ditch 
culvert  in  Tonawanda.  At  Tonawanda,  the  surface  of  the  canal 
water  is  about  four  feet  above  that  of  the  Niagara  river.  The 
river  lock  at  Tonawanda  was  opened  before  the  -State  ditch  dam 
was  made  tight  and  the  canal  drawn  to  river  level.  The  dam  was 
then  completed  and  the  remainder  of  the  water  pumped  out.  The 
work  on  the  guard  lock  consisted  in  lowering  the  floor  18  inches^ 

m 

pitting  in  new  mitre  gates,  replacing  disintegrated  quoin  stones, 
rebuilding  the  pier  head  and  cutting  checks  in  the  lock  walls  for 
use  in  constructing  temporary  dams  when  it  may  be  necessary  to- 
drain  the  locks.  The  old  plans  for  this  lock  showed  it  founded 
on  piles,  and  plans  for  the  improvement  were  made  accordingly. 

« 

On  removing  the  old  floor  it  was  found  that  what  piles  were  under 
it  were  in  such  an  unstable  condition  that  they  were  useless.  A 
large  part  of  the  lock  floors  were  founded  on  mud  sills  only.  This 
necessitated  almost  an  entire  change  of  plan.  The  new  floor  con- 
sists of  3-inch  by  12-inch  hemlock  and  pine  planks,  planed  and 
laid  on  edge  close  together.  These  are  covered  by  a  course  of 
2-inch  planking.  The  use  of  both  pine  and  hemlock  is  accounted 
for  by  the  fact  that  the  lumber  had  already  been  delivered  ac- 
cording to  the  original  plan  when  it  was  found  necessary  to  make 
lumber  then  on  hand,  after  being  cut  to  the  correct  sizes,  was 
a  change,  and  in  order  to  lessen  the  cost  as  much  as  possible,  all 
used.  Before  starting  on  the  work,  the  locks  were  braced  and 
roofed  over,  the  old  floor  was  then  taken  out  in  sections  of  from 
10  to  12  feet  and  the  new  floor  put  in.  The  new  floor  extends 
under  the  old  lock  walls  about  18  inches.  Concrete  and  wooden 
wedges  were  used  to  fill  up  the  space  between  the  top  of  the  new 
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floor  and  the  bottom  of  the  old  walls.  The  work  was  necessarily 
a  slow  and  difficult  task,  bnt  was  accomplished  without  damage 
to  the  old  structure  and  no  signs  of  settlement  or  failure  has  been 
noticed  during  the  past  summer.  The  three  culverts,  Cornelius 
creek,  three  mile  creek  and  Tonawanda  State  ditch,  are  all  simi- 
lar in  construction  and  location,  though  varying  in  size.  All 
empty  into  the  Niagara  river  and  all  are  "  dive  "  culverts.  This 
necessitated  the  construction  of  coffer  dams  around  outlet  ends. 
Cornelius  creek  consists  of  4  lines  of  60-inch  cast  iron  pipe,  146 
feet  long;  3  mile  culvert  of  1  line  of  48-inch  cast  iron  "pvpe,  169 
feet  long  and  Tonawanda  State  ditch  culvert  of  6  lines  of  72-inch 
cast  iron  pipe,  193  feet  long.  The  wings,  end  walls  and  parapets 
on  all  three  were  constructed  of  Oil  City  sand  stone.  These 
culverts  have  served  their  purpose  well  during  the  past  summer. 
The  portion  of  the  canal  between  contract  No.  1,  and  the  guard 
lock  was  dredged  during  the  last  year  and  is  now  completed.  No 
trouble  was  anticipated  from  the  falling  in  of  walls,  due  to  in- 
creasing the  depth  of  the  canal,  on  this  section,  and  it  was  not 
estimated  that  any  would  have  to  be  rebuilt.  The  material  form- 
ing the  canal  bottom  was  for  the  most  part  a  plastic  clay,  overly- 
ing a  flinty  lime  stone  rock.  The  elevation  of  the  top  of  the  rock 
varied  from  2  feet  above  to  8  feet  below  new  canal  bottom.  The 
vertical  walls  were  for  the  most  part  built  on  cribs.  The  eleva- 
tion of  the  bottom  of  the  cribs  was  not  known,  nor  their  dimen- 
sions, nor  the  section  of  the  walls.  In  some  pUcos.  at  the  time, 
aad  in  other  places,  weeks  after  the  excavation  had  been  made 
these  walls  and  cribs  on  the  towpath  side  in  different  places, 
began  to  slide,  settle  and  fall  into  the  canal,  and  it  was  found 
necessary  to  rebuild  them.  The  total  length  rebuilt  was  2,298 
feet.    The  Bird  avenue,  Buffalo  sewer,  4  feet  in  diameter,  runs 


328  Annual  Report  of  the 

along  the  towpath  from  10  to  20  feet  from  the  front  angle  and  at 
an  average  depth  of  7  feet  below  the  towpath  level,  from  Bird 
avenue  to  near  Ferry  street.  The  Niagara  Falls  conduit,  2  feet 
square,  runs  along  the  towpath  from  12  to  15  feet  from  the  front 
angle  and  about  2  feet  below  the  towpath  level.  In  every  case 
where  the  walls  started  to  slide  or  settle,  the  first  sign  noted  was 
the  cracking  of  the  towpath  over  the  lines  of  either  the  sewer  or 
the  conduit.  In  my  opinion  the  failure  of  these  old  walls  was  due, 
not  so  much  to  the  canal  excavation  as  to  the  cutting  of  the  solid 
towpath  bank  by  the  sewer  and  conduit. 

It  being  impossible  to  drain  this  section  and  the  distance  to 
rock  being  too  short  to  allow  a  pile  foundation,  it  was  necessary 
to  dredge  out  the  old  walls  and  towpath,  put  in  cribs  and  on 
them  build  the  new  wall.  The  cribs  were  8  feet  wide  and  from 
20  to  70  feet  long.  They  were  anchored  to  "  dead  men  "  placed  60 
feet  back  of  the  front  angle  by  1-inch  wrought  iron  tie  rods.  In 
most  cases  work  stood  well.  But  fw  a  distance  of  72  feet  where 
the  bottom  of  the  crib  rested  on  or  very  near  the  rock,  after  the 
back  filling  was  put  in,  these  new  cribs  started  to  slide,  the  pres- 
sure of  the  earth  breaking  the  tie  rods  above  mentioned. 

This  work  was  then  torn  out  for  a  second  time,  the  cribs  re- 
placed and  larger  tie  rods  IJ  inches  in  diameter  put  in.  To  add 
to  the  safety  of  the  construction,  loose  stone  back  filling  was 
put  in  and  where  the  depth  of  earth  below  the  crib  bottom 
allowed  it,  piles  were  driven  in  the  corners  of  the  crib  pockets. 
Where  the  cribs  rested  on  or  near  the  rook,  holes  2  feet  deep 
were  drilled  in  the  rock  in  front  of  the  cribs,  and  in  these  holes 
were  placed  wrought  iron  rods  3  inches  in  diameter  extending 
up  the  front  of  the  crib  1  foot.  Since  this  work  was  completed 
no  sliding  or  settlement  has  taken  place.    In  addition  to  the  re- 
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building  of  these  wails,  2,400  feet  of  old  wall  was  protected  by 
driving  piles  in  front  of  it.  From  the  Black  Rock  guard  lock  to 
Tonawanda,  as  before  noted,  the  canal  runs  parallel  with  the 
Niagara  river  and  in  places  very  close  to  it.  The  surface  of 
the  canal  water  is  from  3  to  4  feet  above  that  of  the  river.  It 
was  expected  that  nothing  would  have  to  be  done  with  the 
slox)e  and  vertical  walls  on  this  section  of  the  contract,  as  the 
walls,  as  far  as  could  be  seen  with  the  water  in  the  canal,  were 
apparently  in  fair  shape.  After  the  water  had  been  drawn,  the 
slope  walls  were  found  to  be  badly  bulged  and  the  foundation 
timber,  instead  of  being  at  old  canal  bottom  as  was  supposed, 
was  found  to  be  all  the  way  from  3  to  5  feet  up  the  slope,  thus 
leaving  the  bottom  of  the  sloi>e  unprotected.  An  attempt  was 
made  to  excavate  the  canal  to  its  new  grade  and  to  underpin  the 
slope  walls,  but  the  canai  banks  were  found  to  be  built  of  a 
heavy  clay  which  would  not  stand  at  necessary  slope.  Due  in 
part  to  the  weight  of  the  bank  itself  and  in  part  to  the  watet 
pressure  from  the  Niagara  river,  the  canal  banks  began  to  slide 
towards  the  canal  center.  This  was  especially  so  where  the  ex- 
cavation above  mentioned  was  made,  but  the  sliding  occurred 
where  no  excavation  had  been  made.  It  was  then  decided  that 
it  would  be  unsafe  to  allow  the  contractors  to  proceed  with  any 
excavation,  either  dry  or  by  dredging,  until  all  of  the  wails  had 
been  in  some  manner  protected.  At  the  toe  of  the  slope  wall  it 
was  decided  to  drive  a  continuous  line  of  6  inch  beech  or  maple 
sheet  piling  12  feet  long  and  where  the  wall  was  particularly 
bad,  to  relay  and  rebuild  it.  The  berme  bank  of  the  canal  is  very 
high  and  composed  of  clay. 

A]ong  the  top  runs  a  highway.  No  wall  exists  on  this  side, 
but  a  row  of  piles,  badly  rotted,  had  been  driven  along  the  foot 
of  the  slope  to  keep  the  bank  from  sliding.    On  account  of  the 
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proposed  increased  depth  it  was  decided  to  further  protect  por- 
tions of  this  bank  by  more  piles  and  by  sheet  piling.  Near  Tona- 
wanda,  where  both  sides  of  the  canal  have  vertical  walls  whose 
foundations  are  from  3  to  5  feet  above  new  grade,  a  pile  and 
sheet  piling  protection  was  ordered.  The  extra  material  that 
had  to  be  ordered  for  this  protection  is  as  follows: 

Bc^ch  and  maple,  4,039,000  feet  B.  M. 

Hemlock,  309,000  feet  B.  M. 

Oak,  64,000  feet  B.  M. 

Oak  piles,  14,280  lineal  feet. 

Beech  or  maple  piles,  20,000  lineal  feet. 

Iron,  25,000  lbs. 

« 

The  large  size  of  this  bill  of  timber  made  it  almost  impos- 
sible to  get  it  on  the  ground  in  time  to  do  any  work  during  the 
winter  of  1897.  Most  of  this  material  was  delivered  during  the 
past  summer  and  the  work  on  that  portion  which  it  was  possible 
to  put  in  place  while  the  water  is  in  the  canal  has  been  done.  In 
order  to  put  the  rest  in  place  the  canal  will  have  to  be  drained 
again  during  the  coming  winter.  A  price  for  this  item  has  been 
agreed  upon. 

From  Tonawanda  to  Pendleton,  the  Tonawanda  creek  being 
used,  no  especial  difficulties  were  encountered,  the  improvement 
consisting  of  dredging  in  order  to  obtain  the  required  depth  of 
water.  From  Pendleton  to  McDonald's  culvert,  the  end  of  this 
contract,  the  work  has  been  carried  on  as  planned;  3,308  lineal 
feet  of  vertical  wall  on  piles  was  built  as  was  estimated  in  plan- 
ning the  work.  During  the  summer  a  small  amount  more  fell 
in  and  will  have  to  be  rebuilt  during  the  coming  winter.  The 
contractors  for  this  work  are  the  Buffalo  Dredging  Company. 
They  have  prosecuted  the  work  with  as  much  vigor  as  could  be 
required.    In  constructing  the  coffer  dams,  runways  and  flumes. 
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285,000  feet  B.  M.  of  Inmber  and  4,000  lineal  feet  of  piles  were 
used.  In  pumping  the  "  Black  Bock  to  Tonawanda  "  section,  7 
pumps  varying  in  size  from  6  to  14  inches  and  with  an  aggregate 
capacity  of  40,000,000  gallons  per  day  of  24  hours  were  used. 

In  dredging,  5  dipper  dredges  were  used  with  the  following 
dipper  capacity : 

Dredge  No.  1, 1^  cubic  yards. 

Dredge  No.  2,  2^  cubic  yards. 

Dredge  No.  3,  2  cubic  yards. 

« 
Dredge  No.  4,  2J  cubic  yards. 

Dredge  No.  7,  IJ  cubic  yards. 

Dump  scows  were  used.    The  capacity  varied  per  scow  from 

80  yards  to  150  yards  and  four  tugs  were  used  in  towing  the 

«cows  to  the  dumping  ground.    The  contractors  had  to  supply 

their  own  dumping  grounds  except  that  they  were  allowed  to 

■ 
dump  in  such  portions  of  Tonawanda  creek  where  the  water  was 

over  12  feet  deep  below  low  water  surface.  Tables  annexed 
show  the  details  of  the  estimate  cost  of  the  work.  Except  for 
the  increased  quantities  in  vertical  and  slope  wall  and  in  lumber, 
the  amount  of  work  that  will  appear  in  final  estimate  will  ap- 
proximate closely  to  that  shown  in  the  bidding  sheet. 

During  the  progress  of  the  work,  the  contractors  were  handi- 
capped in  several  ways.  The  winter  happened  to  be  a  very  open 
one  and  on  account  of  the  bad  conditions  of  the  roads,  in  haul- 
ing stone  from  the  quarry  and  railway  to  the  Pendleton  wall,  a 
distance  of  about  five  miles,  four  and  six  horses  had  to  be  used 
on  each  wagon.  On  March  12th,  due  to  veryheavv  rains  and 
winds  the  dam  across  the  canal  near  the  Tonawanda  State  ditch 
began  to  leak  badly  and  it  took  several  days  to  repair  the  dam- 
age done.  At  the  foot  of  Franklin  street,  Tonawanda,  a  city 
flewer  crosses  under  the  canal.    The  citv  was  ordered  to  lower 
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this  sewer  so  as  not  to  interfere  with  the  new  canal  bottom.  Oa 
February  6th,  this  sewer  began  to  leak  and  the  water  from  Nia- 
gara river  began  to  back  np  through  the  sewer  and  threatened 
to  flood  the  canal.  The  contractors  were  ordered  to  put  in 
earth  dams  on  each  side  of  this  sewer  so  as  to  protect  the  canal 
work.  This  item  also  increases  the  cost  of  work  done  under  the 
contract,  though  the  city  of  Tonawanda  should  reimburse  the 
State  for  this  expenditure. 

At  the  time,  the  city  of  Tanawanda  was  ordered  to  do  this- 
work,  but  were  so  slow  in  getting  at  work  that,  in  order  to  pro- 
tect the  State  from  damage  claims  from  the  contractor,  it  wafr 
deemed  advisable  to  order  the  contractor  to  do  this  work  himself^ 
the  State  being  responsible  for  the  pay. 

It  is  expected  that  the  wall  protection  between  Black  Bock  and 

Tonawanda  will  be  completed  during  the  coming  winter  and  that 

during  the  summer  of  1899,  the  remaining  dredging  will  be  done. 

Boyd  Ehle,  up  to  August  27,  1897,  was  assistant  engineer  m 

charge  of  this  work  and  since  that  time,  E.  A.  Sommer  has  had 

charge. 

OONTRIAOT  No.  3. 

Dated  November  7, 1896,  Chas.  F.  Parker  &  CJo.,  contractors. 
Engineer's  estimate f  312,510  00 

Additional  work  authorized  by  Oanal  Board $312,510  Oa 

Estimate  at  contract  prices 188,542  00 

Work  done,  including  10  per  cent,  retained 61,040  00 

This  contract  extends  from  the  head  of  the  Lockport  locks  to 
station  No.  328,  near  McDonald's  culvert,  section  No.  21,  a  dis- 
tance of  5.83  miles. 
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With  the  exception  of  lowering  the  SiDlphur  Sprinigs  Guard 
locks,  all  the  work  contemiplated  under  this  contract  consists  of 
-excaivation  and  of  the  building  of  vertical  and  slope  walls. 

From  McDonald's  culvert,  easteriy  to  the  head  of  the  rock  cut, 
^  distance  of  3.23  miles,  the  canal  prism  being  wide  enough,  a 
uniform  depth  of  9  feet  of  water  was  decided  upon.  From  that 
point  to  the  Lockport  lock,  a  distance  of  2.60  miles,  the  canal  runs 
through  a  heavy  rock  cut  and  the  prism  was  much  narrower. 
As  a  result,  in  order  to  deliver  at  the  head  of  the  Lockport  locks 
waters  sufficient  to  feed  the  lower  levels,  a  uniform  depth  of 
water  of  13  feet  was  decided  upon.  The  grades  and  water  sur- 
faces, old  and  new,  can  be  seen  on  the  annexed  profile. 

The  Black  Bock  guard  lock,  whic^h  is  closed  whenever  Tona- 
w^anda  creek  rises  and  threatens  to  "back  up"  through  the 
•canal  and  endanger  the  Lockport  lock  (as  was  explained  in  last 
jear's  report),  is  founded  on  rock,  and  no  difficulty  was  exi)eri- 
enced  in  lowering  it.  The  mitre  sills  were  removed,  the  rock 
•excavated  to  the  required  depth,  new  sills  and  gates  put  in  and 
the  entire  structure  repainted.  New  vertical  wails  were  built 
where  thought  necessary  between  McDonald's  culvert  and  the 
Sulphur  Spring  guard  lock. 

Through  the  rock  cut  to  the  Lockport  locks,  2.60  miles,  the  cut, 
in  0olid  limestone  rock,  averages  5  feet.  The  work  on  this  sec- 
tion progressed  much  slower  than  was  desired.  The  machinery 
used  did  not  work  well  nor  do  what  was  expected.  But  32,000 
cubic  yards  of  irock  out  of  161,000  cubic  yards,  estimated,  was 
taken  out  during  the  winter.  As  the  canal  prism  through  this 
rock  cut  is  so  narrow,  it  was  decided  to  channel  both  sides. 
There  was  estimated  141,000  square  feet  of  channeling,  and  ot 
this  38,000  square  feet  has  been  finished.  During  the  summer  a 
4EnnaiU  dredge  has  been  at  work  on  the  earth  excavation,  but 
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complished  very  little.  All  the  pricee  for  the  large  items  od 
this  contract  are  very  low,  the  total  amount  of  the  contract,  as- 
let,  being  over  f 40,000  lower  than  the  next  lowest  bid  submitted. 

In  excavating  material,  besides  the  ordinary  methods,  four 
cableways  were  used — three  in  the  rock  cut  and  one  west  of  the 
guard  lock.  These  cables  were  anchored  to  towers  placed  on 
either  side  of  the  canaJ.  The  towers  were  on  tracks,  so  that  the 
whole  cable- way  could  be  moved  parallel  with  the  canal.  A  single 
bucket  of  two  cubic  yards'  capacity  was  used  on  each  cable- way. 
This  bucket  was  loaded  in  the  canal  bottom  with  material 
brought  near  it  by  wagon  or  cars.  The  motive  power  was  lo- 
cated in  one  of  the  towers.  The  working  of  these  cable-way* 
was  too  slow  to  do  the  work  required  or  expected.  For 
blaating,  all  holes  were  drilled  by  steam  drills.  Twelve  drills- 
were  used. 

iSdx  channelers  were  used  in  the  channeling.  In  addition  to 
the  plant  used  last  year,  the  contractors  exx)ect  to  put  in  a  num- 
ber of  McMyler  machines,  steam  shovels  and  cars,  and  have 
promised  to  complete  the  contract  during  the  coming  year.  H.. 
A.  VanAlstyne  has  been  in  charge  of  this  work  as  assistant 

engineer. 

CONTRACT  No.  4. 

Dated  Novemiber  5,  1896,  Whitmore,  Bauber  &  Vicinus,  con- 
tractors.                                                              I 
Engineer's  estimate f  10,287  00 

Additional  work  authorized  by  the  Canal  Board . . .       |10,287  00 

Estimate  at  contract  prices 8,545  00^ 

Final  account 11,097  Oa 

This  contract  consisted  in  building  the  Cartersvdlle  waste- weir 
and  spillway  at  station  721,  section  15. 


y 


\ 
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The  Oartersville. waste- weir  is  situated  in  the  towpath  bank 
on  the  17-mile  level  a  short  distance  east  of  the  villajge  of  PittB- 
ford.  For  years  it  had  been  in  bad  condition  aind  has  been  held 
in  place  by  timber  bracin.g.  'As  the  bottom  of  the  gatee  in  the 
old  structure  were  too  high  to  drain  the  deepened  canal,  and  as 
the  old  structure  was  in  too  poor  a  condition  to  allow  of  larger 
and  deeper  gates  being  put  in,  it  was  decided  to  build  a  new 
structure.  The  contract  was  let  to  Whitmore,  Bauber  &  Vin- 
cinus,  of  Rochester,  and  was  finished  before  the  oi)ening  of  navi- 
gation in  1897,  this  being  the  only  contract  under  the  "  improve- 
ment "  work  on  this  division  that  has  been  finished.  The  esti- 
mate contract  price  and  final  cost  of  this  work  can  be  seen  on 
Table  No.  1,  annexed.  The  increase  of  final  cost  over  contract 
price  was  due  chiefly  to  the  fact  that  the  rock  excavation  neces- 
sary to  obtain  a  good  foundation  was  larger  and  that  more  puddle 
and  lining  was  used  than  has  been  estimated.  The  masonry 
was  also  increased  over  that  shown  on  the  od.ginal  plans  by 
making  the  cut-off  walls  larger  and  by  increasing  the  length  of 
the  east  wing  wall.  Plans  and  photographs  annexed  give  a  good 
idea  of  the  old  structure  and  of  the  size  and  construction  of  the 
new  weir.  The  waste-wedr  has  so  far  performed  all  duties  ex- 
pected of  it  and  has  shown  no  signs  of  settlement  or  failure. 
G^eorge  E.  Greene  has  been  in  charge  of  this  work  as  assistant 
engineeir. 

CONTRACT  No.  5. 

Dated,  January  23,  1897,  Grannis  &  O'Connor,  contractors. 

Engineer's  estimate ^227,102  00 

Additional  work  authorized  by  canal 

board 53,929  00 

1281,031  00 

Estimate  at  contract  prices 217,120  00 

Work  done  including  10  per  cpnt.  retained 113,850  00 


\ 
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This  contract  extends  from  the  upper  mitre  sill  of  lock  No.  61  to 
the  lower  mitre  sill  of  lock  No.  62,  a  distance  of  17.16  miles. 

The  section  of  the  canal  included  in  this  contract  starts  in  the 
Tillage  of  Macedon  and  ends  near  the  village  of  Pittsford  and 
includes  what  is  known  as  the  "  17  mile  level."  It  was  decided 
to  do  this  work  as  soon  as  possible  as  this  level  waa  in  very  bad 
condition.  The  old  canal  bottom  was  level  and  the  water  surface 
was  supposed  to  have  a  fall  of  .333  feet.  Great  difficulty  has 
always  been  found  in  keeping  the  proper  depth  of  water  in  the 
Macedon,  or  lower  end  of  the  level.  It  was  decided,  that,  in  order 
to  overcome  this  difficulty,  to  give  a  grade  to  the  new  bottom,  in 
the  17.16  miles,  of  0.5  feet,  and  to  make  the  water  surface  parallel 
wit;h  and  9  feet  above  the  bottom.  This  would  increase  the  cur- 
rent and  tend  to  keep  the  depth  of  the  water  over  the  whole  level 
about  the  same.  It  cannot  be  stated  as  yet  whether  this  change 
in  grade  and  water  surface  will  relieve  the  difficulty  mentioned,  as 
the  work  is  not  as  yet  far  enough  advanced.  The  contract  for 
this  work  was  not  let  until  January  23,  1897,  and  so  no  great 
progress  was  made  during  the  past  year.    It.  is  expected  that 

V 

the  work  will  be  finished  during  the  coming  year. 

Aside  from  excavation,  vertical  and  slope  wall,  the  following 
are  the  principal  items  of  work  included  in  this  contract. 

(1)  The  repairing  of  the  abutments  of  bridges  Nos.  41,  43,  44, 
47,  48,  49,  51,  52,  53,  54  and  55. 

(2)  The  rebuilding  of  the  berme  abutments  of  bridges  Nos.  42 
and  50  and  the  maintaining  of  temporary  bridges  while  construc- 
tion is  going  on. 

(3)  The  rebuilding  and  repairing  of  culverts  Nos.  26,  27  and  31. 

(4)  The  rebuilding  of  White's  receiver. 

No  work  has  been  done  as  yet  on  any  of  the  structures  men- 

r 

tioned  above.    During  the  month  of  April,  the  berme  abutment 
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of  Prear's  bridge  No.  61,  due  to  being  founded  on  quicksand,  and 
3  feet  above  canal  bottom,  began  to  slide.  The  bridge  was  re- 
moved  and  the  abutment  rebuilt.  At  the  end  of  this  year  54,000 
cubic  yards  of  material  had  been  excavated*  For  excavating  this 
material  while  the  canal  was  dry  besides  wheel  barrows,  three 
derricks  set  on  the  towpath  and  revolving  through  half  a  circle 
were  used.  Each  derrick  handling  skips  holding  from  1  yard  to 
IJ  yards.  The  skips  were  loaded  by  hand.  The  derricks  were 
not  self  propelling  and  had  to  be  moved  by  hand.  Owing  to  this 
and  to  the  fact  that  they  worked  slowly  and  were  too  lightly 
constructed  for  the  work  exi)ected  of  them,  they  were  not  a  great 
success.  During  the  summer,  two  dredges  have  been  at  work. 
One  a  small  dredge  with  a  f  yard  dipper  has  done  but  little  work 
owing  to  being  broken  down  a  good  part  of  the  time.  The  other, 
a  large  If  dipper  dredge,  did  not  get  on  the  work  till  late  in  the 
year,  and  while  working  well,  has  not  as  yet  done  much  work. 

In  underpinning  slope  walls,  this  is  the  only  contract  so  far  let 
on  this  division,  where  such  work  has  been  done.  Natural 
cement  concrete  was  used  and  was  found  to  be  far  from  success- 
ful. Hereafter  stone  will  be  used,  being  cheaper  and  apparently 
better,  especially  in  freezing  weather.  During  the  coming  year 
the  contractor  expects  to  use  more  derricks  and  dredges,  and 
promise  to  push  the  work.  Gannis  &  O'CJonner  of  Syracuse  are 
the  contractors. 

C.  H.  Flanigan  was  engineer  in  charge  up  to  June  7,  and  since 
that  time,  H.  K.  Bishop. 

OONTEAOT  No.  6. 
Dated,  September  23,  1897,  Furnaceville  Iron  Company,  con- 
tractors. 

Engineer's  estimate fl66,090  00 

Estimate  at  contract  prices , 165,800  00 

Work  done  including  10  per  cent,  retained 6,440  00 

22  == 
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This  contract  extends  from  1,000  feet  west  of  bridge  No.  148  to 
the  foot  of  the  Lockport  locks,  a  distance  of  8.45  miles. 

The  work  to  be  done  under  this  contract  will  consist  of  deepen- 
ing the  canal  2  feet  and  rebuilding  and  underpinning  any  slope 
and  vertical  wall  that  may  be  necessary.  The  work  is  not  yet  far 
enough  advanced  to  say  whether  the  final  cost  will  exceed  the 

contract  price. 

OONTRAOT  No.  7. 

Dated,  September  3, 1897,  Baker  &  Banker,  contractors. 

Engineer's  estimate |99,725  00 

Estimate  at  contract  prices 98,760  00 

Estimate  at  contract  prices  including  10  per  cent. 

retained 7,600  00 


X 


This  contract  extends  from  Shelby  Basin  bridge  No.  142  to 
1,000  feet  west  of  bridge  No.  148,  a  distance  of  5.87  miles. 

The  work  to  be  done  under  this  contract  will  consist  of  deepen- 
ing the  canal  2  feet,  and  rebuilding  and  underpinning  any  slope 
and  vertical  wall  that  may  be  necessary.  The  work  is  not  yet 
far  enough  advanced  to  say  whether  the  final  cost  will  exceed  the 

contract  price. 

(X)NTBAOT  No.  8. 

Dated,  September  21,  1897,  Williams,  McNaughton  &  Bapst,. 
contractors. 

Engineer's  estimate {191,090  00* 

Estimate  at  contract  prices 184,095  00 

Work  done  including  10  per  cent,  retained 5,940  OA 


This  work  extends  from  700  feet  west  of  Long's  bridge  No.  13^ 
to  Shelby  basin  bridge,  No.  142,  a  distance  of  8.50  miles. 
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The  work  to  be  done  under  this  contract  will  consist  of  deepen- 
ing the  canal  2  feet  and  rebuilding  and  underpinning  any  slope 
and  vertical  wall  that  may  be  necessary.  The  work  i«  not  yet  far 
enough  advanced  to  say  whether  the  final  cost  will  exceed  the  con*- 

tract  price. 

CONTRACT  No.  9. 

Dated  September  23,  1897,  Furnaceville  Iron  Co.,  contractors* 

Engineer's  estimate f  114,440  00 

Estimate  at  contract  prices 111,000  OO' 

Work  done  including  10  per  cent,  retained 27,280  00 


This  contract  extends  from  Braileys  bridge  No.  125,  to  700  feet 
west  of  Long's  bridge  No.  134,  a  distance  of  6.06  miles. 

The  work  to  be  done  under  this  contract  will  consist  of  deepen- 
ing the  canal  2  feet,  and  rebuilding  and  underpining  any  slope 
and  vertical  wall  that  may  be  necessary.  The  work  is  not  yet 
far  enough  advanced  to  say  whether  the  final  cost  will  exceed 

the  contract  price. 

CONTRACT  No.  10. 

Dated  September  23,  1897,  Furnaceville  Iron  Co.,  contractors. 

Engineer's  estimate  fl52,090  00 

Estimate  at  contract  prices 135,600  00- 

Work  done  including  10  per  cent,  retained 2,780  00- 

This  contract  extends  from  1,000  feet  east  of  HoUey  bridge  No. 
115,  to  Brailey's  bridge  No.  125,  a  distance  of  8.44  miles. 

The  work  to  be  done  under  this  contract  will  consist  of  deep- 
ening the  canal  2  feet  and  rebuilding  and  underpinning  any  slope 
and  vertical  wall  that  may  be  necessary.  The  work  is  not  yet 
far  enough  advanced  to  say  whether  the  final  cost  will  exceed 
the  contract  price. 
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CONTRACT  No.  11. 
Dated  September  23,  1897,  Fumaceville  Iron  Co.,  ooatraotors. 

Engineer's  eetimate |116,385  00 

Estimate  at  contract  price 110,100  00 

Work  done  including  10  per  cent,  retained 12,360  00 


This  contract  extends  from  Cooley's  Basin  bridge  No.  106  to 
1,000  feet  east  of  Holley  bridge,  No.  115,  a  distance  of  6.63  miles. 

The  work  to  be  done  under  this  contract  will  consist  of  deep- 
ening the  canal  2  feet  and  rebuilding  and  underpinning  any 
slope  and  vertical  wall  that  may  be  necessary.  The  work  is  not 
yet  far  enough  advanced  to  say  whether  the  final  cost  will  exceed 

the  contract  price. 

CONTRACT  No.  12. 

Dated  September  23,  1897,  Purnaceville  Iron  Co.,  contractors. 

Engineer's  estimate f 96,540  00 

Estimate  at  contract  prices 87,000  00 

Work  done  including  10  per  cent,  retained 3,790  00 


This  contract  extends  from  600  feet  east  of  Normans  bridge 
No.  97,  to  Cooley's  Basin  bridge  No.  106,  a  distance  of  6.04  miles. 

The  work  to  be  done  under  this  contract  will  consist  of  deep- 
ening the  canal  2  feet  and  rebuilding  and  underpinning  any 
slope  and  vertical  wall  that  may  be  necessary.  The  work  is  not 
yet  far  enough  advanced  to  say  whether  the  final  cost  will  exceed 

the  contract  price. 

CONTRACT  No.  13. 

Dated  September  18,  1897,  Henry  C.  Allen  &  Co.,  contractors. 

Engineer's  estimate fll9,727  00 

Estimate  at  contract  prices 105,850  00 

Work  done  including  10  per  cent,  retained 11,900  00 
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This  <;ontract  extends  from  Rowe  street  bridge,  Rochester,  No. 
86,  to  600  feet  east  of  Norman's  bridge,  No.  97,  a  distance  of  8.14 
miles.  « 

The  work  to  be  done  under  this  contract  will  consist  of  deep- 
ening the  canal  2  feet  and  rebuilding  and  underpinning  any 
slope  and  vertical  wall  that  may  be  necessary.  The  work  is  not 
yet  far  enough  advanced  to  say  whether  the  flnaJ  cost  will  exceed 
the  contract  price. 

CONTRACT  No.  14. 

Dated  September  20,  1897,  Whitmore,  Rauber  &  Vidnus,  con- 
tractors. 

Engineer's  estimate |169,830  00 

Estimate  at  contract  price 159,695  00 

Work  done  including  10  per  cent,  retained 


This  contract  extends  from  lock  No.  66  to  Rowe  street  bridge^ 
Rochester,  No.  86,  a  distance  of  4.38  miles. 

The  work  to  be  done  under  this  contract  will  consist  of  deep- 
ening the  canal  2  feet  and  rebuilding  and  underpinning  any 
idope  and  vertical  wall  that  may  be  necessary.  The  work  is  not 
yet  far  enough  advanced  to  say  whether  the  final  cost  will  exceed 
the  contract  price.  This  contract  extends  through  the  city  of 
Rochester. 

CONTRACT  No.  15. 

Dated  September  20,  1897,  Whitmore,  Rauber  &  Vicinus,  con- 
tractors. 

Engineer's  estimate |90,916  00 

Estimate  at  contract  price 88^595  00 

Work  done  including  10  per  cent,  retained 
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This  contrajct  extends  from  lock  No.  62  to  lock  No.  66,  a  dis- 
tance of  4.88  miles. 

The  work  to  be  done  under  this  contract  will  consist  of  deep- 
ening the  canal  2  feet  and  rebuilding  and  underpinning  any 
«lope  and  vertical  wall  that  may  be  necessary.  The  work  is  not 
yet  far  enough  advanced  to  say  whether  the  final  coet  will  exceed 

the  contract  price. 

CONTRACT  No.  16. 
Engineer's  estimate f499,000  00 


This  contract  will  consist  in  building  a  pneumatic  lift  lock  in 
place  of  the  five  combined  locks  at  Lockport,  N.  Y.  The  plans 
for  this  work  have  been  approved  by  the  Canal  Board. 

CONTRACT  No.  17. 
Engineer's  estimate  (125,657  00 


This  contract  will  extend  from  lock  No.  56  to  1,400  feet  west 

•of  Port  Gibson  bridge  No.  30,  except  from  lock  No.  57  to  lock  No. 

59,  a  distance  of  7.22  miles.    The  work  will  consist  of  deepening 

the  canal  the  required  depth;  in  rebuilding  the  berme  abutment 

of  bridge  No.  30,  and  in  rebuilding  and  repairing  vertical  and 

slope  walls. 

CONTRACT  No.  18. 
Engineer's  estimate |61,135  00 


This  contract  consists  in  lowering  and  repairing  locks  Nos. 
62,  63,  64,  65  and  66. 

CONTRACT  No.  19. 
Engineer's  estimate |94,916  0% 


The  work  under  this  contract  will  consist  in  rebuilding  waste 
weirs  Noe.  1  and  2,  lowering  the  Palmyra  and  Lyons  aqueducts, 
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lowering  and  repairing  locks  Nos.  54,  55,  56  and  60,  replacing 
gateB  in  lock  No.  61  and  lowering  the  top  of  eulveri;  No.  16. 

CONTRACT  No.  20. 
Engineer's  estimate  |98,186  00 


This  contract  extends  from  lock  54  to  lock  56,  a  distance  of 
five  miles.  The  work  will  consist  in  deepening  the  canal  to  the 
required  depth,  in  rebuilding  the  berme  abutment  of  bridge  No. 
19  and  in  rebuilding  and  repairing  slope  and  vertical  walls. 

OONTRAOT  No.  21. 
Engineer's  estimate f66,438  00 


This  contract  extends  from  lock  No.  53  to  lock  No.  54,  a  dis- 

m 

tance  of  3.10  miles.    The  work  will  consist  in  deepening  the  canal 

to  the  required  depth,  in  relaying  pipe  culvert  No.  11,  in  rebuilding 

culvert  No.  12  and  in  rebuilding  and  repairing  slope  and  vertical 

walls. 

CONTBAar  No.  22. 
Engineer's  estimate , |128,334  00 


This  contract  extends  from  the  east  line  of  Wayne  county  to 
lock  No.  53,  a  distance  of  7.72  miles.  The  work  will  consist  of 
deepening  the  canal  to  the  required  depth  and  raising  the  banks 
to  the  required  height,  in  raising  bridges  Nos.  1,  3,  4  and  5,  and 
in  rebuilding  and  repairing  slope  and  vertical  walls.  The  plans 
for  this  contract  have  been  approved  by  the  Canal  Board. 

CONTRACT  No.  23. 
Engineer's  estimate $25,620  00 


This  contract  will  include  the  building  of  the  Brockport,  Hoi- 
ley,  Brockville  and  Albion  wa«te-weirs. 
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OONTRAOT  No.  24. 
Engineer's  eetimajte ?40,000  00 

This  contract  will  consist  in  lowering  the  Rochester  aqueduct. 

CONTRACT  No.  25. 
Engineer's  estimate J200,000  00 

This  oontraot  will  consdfit  in  deepening  and  lengthening  locks 
57,  58  and  59,  at  Newark. 

CONTRACT  No.  26. 
Engineer's  estianate f  144,290  00 

This  contract  extends  from  1,400  feet  west  of  Port  Gibson 
bridge.  No.  30,  to  lock  No.  61,  a  distance  of  8.68  miles.  The  work 
will  consist  in  deepening  the  canail  to  the  required  depth,  in  re- 
building the  berme  abutment  of  brid<ge  No.  39  and  in  rebuilding 
and  repairing  slope  and  vertical  walls. 

CONTRACT  No.  27. 
Engineer's  estimate |30,000  00 

This  contract  will  consist  in  building  five  stop->gates. 

NOTE. 
Contracts  Nos.  16  and  22  have  been  approved  by  the  Canal 
Board  but  not  let.    Contracts  Nos.  17,  18,  19,  20,  21,  23,  24,  25, 
26  and  27  have  not  yet  been  approved. 

ESTABLISHMENT  OF  NEW  GRADES  AND  WATER  SUR- 
FACES. 

With  the  exceptions  noted  under  the  descriptions  of  contracts 
Nos.  1,  2,  3  and  5,  the  new  grades  and  water  surfaces  have  been 
made  to  obtain  the  exact  9  feet  of  water  and  have  been  made 
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parallel  to  the  old  igrades  and  water  surfaces.  The  old  canal 
wafl  7  feet  deep  and  the  imippoved  canail  must  have  9.  To  do  this 
the  bottom  (1)  must  be  deepened  2  feet,  (2)  the  surface  of  water 
raised  2  feet  or  (3)  the  surface  raised  and  the  bottom  deepened 
enough  to  make  2  feet.  From  Buffalo  to  Locfcport  the  canal 
water  surface  is  practically  the  same  as  that  of  Lake  Erie,  and 
so,  of  necessity,  this  portion  of  the  canal  had  to  be  deepened,  it 
being  impossible  to  raise  the  water  surface.  The  lower  end  of 
the  66J  male  level  runs  through  the  city  of  Rochester.  In  the 
city,  over  the  canal,  are  thirty  bridges.  To  raise  the  water  surface 
meant  to  raise  these  bridges,  as  well  as  those  situated  between 
Rochester  and  Lockport.  The  estimated  cost  of  raising  these 
bridges  and  repairinig  the  approaches  thereto  was  so  large  as  to 
make  it  more  economical  to  leave  the  water  surface  as  it  was. 
This  same  argument  applied  to  all  of  the  rest  of  this  division 
except  to  the  levels  (1)  between  locks  Nos.  60  and  61,  which  will 
be  raised  1  foot  and  lowered  1  foot,  (2)  the  two  levels  between 
locks  Nos.  57  and  59,  which  has  been  decided  upon  and  (3)  be- 
tween the  Wayne  county  line  and  lock  No.  53,  which  will  be 
raised  1  foot  and  lowered  1  foot. 

ILLUOTRATIONB. 

A  large  number  of  illustrations  are  annexed  to  this  report, 
since  they  show  better  than  words  can  possibly,  the  conditions 
of  some  of  the  old  and  new  work  described  in  the  foregoing  pages. 
The  dilapidated  condition  of  old  walls  and  structures  shown  by 
these  photographs  are  not  in  any  manner  exceptional  cases. 
They  are,  in  fact,  characteristic  of  the  entire  length  of  the  canals, 
and  it  will  be  apparent  to  any  one  who  will  study  them  even 
hastily  why  it  is  impossible  for  any  engineer,  however  expert, 
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to  form  any  reliable  idea  as  to  how  much  of  these  walls  nor 
how  many  of  these  structures  will  tumble  into  the  canal  when 
other  work  in  their  vicinity  is  undertaken.  This  is  the  chief 
reason  for  the  variations  between  the  original  estimates  and  the 
final  coBt  of  several  of  the  contracts. 

Nearly  three-quarters  of  the  entire  cost  of  the  present  improve- 
ment of  the  Erie,  Oswego  and  Chamiplain  canals  is  involved  in 
walls  and  structures  that  must  be  built  o«r  rebuilt  in  order  to 
make  it  possible  to  complete  the  deepening  as  directed  by  law. 
The  work  embraced  by  this  improvement  is  454  miles  long,  and, 
taking  both  banks,  it  is  fair  to  estimate  that  there  exists  to-day 
at  least  600  miles  of  vertical  and  slope  walls,  nearly  every  foot 
of  whicih  must  necessarily  be  undermined  to  accomplish  the 
deepening.  If  the  walls  happen  to  be  in  good  condition  they 
can  be  underpinned  and  saved;  if  not  they  must  be  tora  down 
and  rebuilt,  or  else  they  will  fall  down. 

The  surface  appearance  of  the  walls  has  been  found  to  be  no 
indication  of  the  character  of  the  work  back  of  the  face,  and  in 
many  cases  what  appeajts  on  the  surface  to  be  substantial  work 
has  proved  to  be  simply  a  veneer.  In  many  cases  where  these 
walls  appear  to  be  substantial,  their  foundations  are  so  insecure 
that  the  work  of  deepening  destroys  the  whole  structure  and 
necessitates  its  rebuilding.  No  one  can  tell  to  what  extent 
these  features  will  develop  until  the  actual  work  is  started  from 
place  to  place.  However,  the  contracts  provide  that  the  State 
shall  pay  only  for  the  quantities  of  work  actually  performed, 
and  in  some  cases  these  quantities  are  considerably  less  than 
those  that  have  been  estimated. 

The  brief  remarks  in  connection  with  each  plate  will  serve  to 
indicate  the  features  which  the  plates  are  intended  to  illustrate. 
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<No  W.) 


Topographical  Survey, 

(Chapter  991.  Laws  of  1897.) 


NAME. 


William  J.  Peten . 
J.  H.  Jenniiigs  ..... 
George  M.  Taylor  .. 

P.S.  WUU 

Frank  Sutton 

F.  D.  Pieree 

B.  D.  Cummin , 

C.  P.  Do  Witt 

E.B.Clark 

C.  C.  Baaaett 

W.  H.  Lovell 

H.  S.  Swartwell 

WillOaborne 

W.  M.  Beaman 

A.M.  Walker 

S.  S.  Gammett 

E.  L.  MoNair 

Gaston  P.  Phillips. 
Clarence  F.  Horton 

B,Gny  Foster 

A.  Maldemar 

A.  H.  Bumstead... 

Clark  Brown 

Bobert  Menzie 

J.  W.  Thom 

L.  T.  Hanej 

J.  M.  SUyton 

Hiram  Porter 

J.  H.  Wheat 

F.  N.  Parrish 

H.  G.  Locke , 

A.  A.  Fuller 

C.  A.Petrie 

M.  M.  Locid 

Bion  H.  Kemp 

CM.  Barrett 

S.  Stephens 

John  King 

Isaiah  Perkins 

Total 


Trayel. 


$S,i50  41 

S,203  98 

X42  60 

40  67 

1,888  81 

4137 

845  54 

128  50 

788  18 

218  06 

1,808  4t 

28  00 

274  81 

1,188  85 

1,111  22 

98  41 

15  80 

22  58 

19  26 

22  58 

12  90 

18  18 

29  35 

47  50 

438  84 

18  18 

218  12 

18  00 

45  96 

88  50 

874  88 

82  00 

58  66 

83  24 

130  80 

85  70 

12  00 

83  00 

100  60 

$14,000  78 
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Appendix. 


REPORT  ON  CONCRETE  TESTS 


BY 


GEORGE  W.  RAFTER. 


Report  on  Concrete  Tests. 


BocHBSTER,  N.  Y.,  July  1, 1898. 

I 

Hon.  Campbell  W.  Adams,  State  Engineer  and  Surveyor: 

Bir. — ^The  undereigned  herewith  submits  a  report  on  the  tests 
of  concrete  blocks,  as  per  your  letter  of  December  31,  18OT. 

In  my  report  to  you  on  the  Genesee  Storage  Project,  made 
under  da/te  of  April  1,  1894,  and  to  be  found  in  the  Annual  Be- 
port  of  the  State  Engineer  and  Surveyor  for  the  fiscal  year  end* 
ing  September  30,  1894,  there  apjxears  a  report  on  the  series  of 
concrete  blocks  fabricated  at  Mount  Morris  in  the  fall  of  1893. 
The  tests  there  recorded  show  the  value  of  the  following  natural 
cements  manufactured  in  this  State  for  use  in  concrete,  namely: 
Cummings'  Buffalo,  Newman's  Akron^  Bangs  &  Graynor's  Fayette- 
ville,  and  Norton's  Rosendale;  also  Millem's  Wayland  Portland, 
and  Saylor's  Portland,  were  experimented  with  extensively.  The 
record  of  these  tests  may  be  found  in  the  place  cited,  and  it  is 
unnecessary  to  especially  refer  to  the  results  at  this  time.  It 
is  sufficient  to  say  that  a  study  of  the  results  raised  a  large  num- 
ber of  questions  in  regard  to  concrete,  which  it  seemed  desirable 
to  further  exi)eriment  ujwn  by  way  oif  finding  solutions  of  the 
said  questions.  In  order  to  obtain  immediate  results,  the  con- 
crete blocks  fabricated  in  1893  were  broken  within  about  90  days. 
In  making  a  second  series  of  tests,  it  seemed  desirable,  however, 
to  allow  th^  blocks  to  attain  considerable  age  before  breaking, 
and  accordingly  the  prcteont  series  has  been  allowed  to  attain  an 
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age  o(f  about  600  days  before  breaking.  The  exact  age  of  each 
block  may  be  determined  from  Column  (4)  of  Table  No.  1. 

The  blocks  here  reported  ui>on  were  fabricartied  at  Mount  Mor- 
ris from  July  10,  1896,  to  September  5^  of  that  year,  the  specific 
dates  for  each  block  being  shown  by  Column  (2)  of  Table  No.  1. 
The  dates  of  breaking  are  shown  by  Column  (3)  in  the  same  table. 
The  object  of  these  tests  wAs  to  obtain  more  complete  informa- 
tion with  reference  to  the  possible  use  of  large  quantities  of 
concrete  in  the  construction  of  the  Mount  Morris  dam.  In  order 
to  make  the  tests  as  valuable  as  possible  to  the  whole  State,  I 
have  included  tests  of  all  the  Portland  cements  manufactured  in 
this  State  in  1896,  namely:  Millem's  Wayland  brand,  the  Gtenesee 
brand.  Empire  brand,  Iron-Clad  brand,  and  the  Champion  Sand- 
Silica  cement,  the  latter  being  an  adulterated  Portland  cement. 
As  shown  by  Table  No.  1,  a  few  tests  have  also  been  made  of  the 
so-called  Buffalo  Portland,  which  is  merely  selected  clinker  from 
the  Natural  Buffalo,  as  well  as  a  few  tests  of  the  natural  Buffalo 
itself.  It  was  not  proposed,  however,  in  the  present  report,  to 
devote  any  large  amount  of  time  to  the  natural  cements,  those 
cements  having  been  quite  thoroughly  covered  by  the  experi- 
ments of  1893,  already  referred  to. 

In  carrying  out  the  series  of  tests  here  reported  upon,  the  lead- 
ing ideas  were:  (1)  to  determine  the  strength  of  concretes  fabri- 
cated with  either  dry,  plastic,  or  mortars  with  an  excess  of  water; 
(2)  to  determine  the  effect  of  various  treatments  of  the  concrete 
with  reference  to  exposure  to  the  weather;  and  (3)  to  determine 
by  comparison  the  relative  value  of  the  several  Portland  cements 
manufactured  in  the  State  of  New  York,  for  use  in  concrete. 

The  stone  used  as  aggregate  in  all  these  test©  was  of  the  Port- 
age group,  and  taken  from  the  ledff^  ii^ar  Portageville,  either 
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in  the  immediate  vicinity  o(f  the  proposed  dam,  or  at  the  quarry 
of  the  Genesee  Valley  Blue  Stone  Oompany  near  Portageville. 
This  aggregate  matedal  was  hand-broken  to  pass  through  a  two- 
inch  ring. 

It  has  been  known  for  a  long  time  that  in  gaging  cements,  dry- 
mixed  cements  were  stronger  than  wet-mixed.  Evidently  the 
effect  on  concrete  is  not  so  well  understood,  a«  claims  are  con- 
stantly made  of  the  superiority  of  quaking  concrete — or  that  in 
which*  water  is  used  to  excess — over  that  fabricated  with  a 
smaller  quantity  of  water.  Undoubtedly,  such  concrete  can  be 
thoroughly  compacted  with  less  ramming  than  can  that  in  which 
only  just  enough  water  has  been  used  to  make  the  mortar  moist, 
but,  as  shown  quite  clearly  by  the  present  tests,  if  the  mortar  is 
made  dry  and  the  concrete  thoroughly  rammed,  a  considerable 
additional  strength  may  be  obtained.  It  should  not  be  over- 
looked, however,  that,  in  the  fabrication  of  dry  concretes,  it  is  ab- 
solutely necessary  in  warm  weather,  that  the  surface  be  kept  con- 
stantly wet  with  water,  and  for  the  best  results,  it  should  also 
be  covered,  the  best  method  of  accomplishing  this  being,  prob- 
ably, by  the  use  of  large  pieces  of  canvas.  This,  however,  will  re- 
quire some  additional  labor,  and  as  a  commercial  question,  purely, 
it  will  be  necessary  to  decide  in  each  individual  case  whether  the 
gain  in  strength  is  worth  the  additional  labor. 

It  is  frequently  urged  as  a  reason  for  the  use  of  concrete,  that 
the  labor  may  be  done  by  unskilled  workmen,  that  it  is  all  com- 
mon labor,  in  short.  While  this  may  be  true  as  to  the  labor  of 
manipulation,  ramming,  etc.,  it  is,  nevertheless,  certain  that  the 
successful  use  of  concrete  under  the  various  conditions  of  actual 
practice,  requires  that  the  man  in  charge  be  of  a  high  degree  of 
intelligence,  and  thoroughly  versed  as  to  the  x>ossibilities  of  the 
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material,  under  all  possible  climatic  conditions.  It  is  clear,  if 
one  would  secure  the  best  results  in  the  use  of  concrete,  that 
everything  like  thumb  rule  methods  should  be  avoided.  It  is 
from  this  point  of  view  that  a  series  of  experiments  like  the  one 
now  under  consideration  is  of  the  greatest  value.  It  enables  a 
studious  person  to  become  thoroughly  familiar  with  the  capabili- 
ties of  the  material. 

Returning  to  the  consideration  of  dry  concretes  versus  those 
mixed  with  an  excess  of  water,  it  may  be  remarked  that  my  prac- 
tical experience  on  work,  taken  in  conjunction  with  the  result  of 
these  experiments,  has  taught  me  that  the  only  way  in  which  dry 
concrete  can  be  safely  used  on  work  is  to  wet  the  surface 
thoroughly  as  soon  as  the  ramming  has  been  completed,  and  to 
keep  the  surface  thoroughly  wet  until  after  the  completion  of  the 
setting. 

As  to  the  quantity  of  water  to  be  used,  opinions  vary.  Dif- 
ferent writers  mention  quantities  of  water  of  from  9  pounds 
to  40  pounds  per  cubic  foot.  In  the  present  tests  an  attempt 
was  made  to  determine  the  proper  weight  of  water  practically  by 
mieansof  judgment  as  to  the  consistency  of  the  mortar  in  each  case. 
As  will  be  noticed  by  inspecting  Table  No.  1,  the  blocks  were 
made  in  series  of  four.  Those  designated  by  the  Arabic  numer- 
als only  were  placed  in  water  when  taken  from  the  molds,  and 
allowed  to  remain  until  December  1, 1896,  when  they  were  buried 
in  sand,  where  they  remained  until  taken  out  for  shipment,  Janu- 
ary 10  and  11,  1898.  Blocks  marked  with  an  Arabic  number  and 
the  letter  (a),  stood  in  a  cool  cellar  from  the  time  of  taking  from 
molds  until  shipped.  Blocks  marked  with  an  Arabic  number  and 
the  letter  (b)  were  placed  in  open  air  when  taken  from  molds,  and 
exposed  to  the  weather  until  shipped.    Blocks  marked  with  an 
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Arabic  number  and  the  letter  (c)  were  placed  in  open  air  when 
taken  from  molds,  but  were  covered  with  burlap  and  wet  with 
water  several  times  a  day,  until  November  1,  1896,  after  which 
time  they  took  the  weather  as  it  came  until  shipped.  In  addition 
ix)  making  the  blocks  in  a  series  of  four,  each  individual  block 
receiving  treatment  as  indicated  in  the  foregoing,  a  series  of 
blocks  was  further  made  with  the  mortar  dry,  plastic,  and  with 
water  in  excess,  this  latter  condition  being  indicated  by  the  word 
"  excess  "  merely.  In  the  dry  blocks  the  mortar  was,  generally 
speaking,  only  a  little  more  moist  than  damp  earth.  Such 
blocks  required  a  large  amount  of  ramming  in  order  to  flush  the 
water  to  the  surface.  In  the  plastic  blocks,  the  mortar  was  made 
of  the  ordinary  consistency  used  by  the  average  mason.  A  moder- 
ate amount  of  ramming  brought  the  water  to  the  surface  in  these 
blocks.  In  the  excess  blocks,  the  water  was  so  far  in  excess  that 
the  concrete  quaked  like  liver,  under  moderate  ramming.  In 
every  case  the  mortars  were  mixed  separately,  a  definite,  meas- 
ured quantity  of  cement,  sand  and  stone  being  taken.  The  sand 
and  cement  were  first  thoroughly  mixed  dry,  after  which  the 
proper  quantity  of  water  was  added  to  produce  mortar  of  the  re- 
quired consistency,  followed  by  additional  mixing.  On  referring 
to  Table  No.  1,  it  will  be  seen  that  the  quantity  of  mortar  used 
in  each  case  was  a  certain  per  cent,  of  the  broken  stone.  This 
means  that  a  given  quantity  of  broken  stone  was  measured  out, 
and  a  measured  quantity  of  mortar  of  a  given  composition  added. 
By  way  of  illustration,  we  may  refer  to  blocks  4,  4a,  4b,  4c,  in 
which  the  mortar  is  40  per  cent,  of  the  aggregate.  For  these 
blocks,  2  cubic  feet  of  sand  and  1  cubic  foot  of  cement  were  meas- 
ured out.  After  'thorough  dry-mixing,  enough  water  was  added 
to  make  a  damp  mortar.    The  amount  of  mortar  after  wet-mixing 
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was  fouBd,  by  actual  meaBurement,  to  be  2.36  cubic  feet.  The 
fsand  weighed  92  pound<s  per  cubic  foot.  The  total  weight  of 
water  used  was  40  pounds,  or  17  pounds  of  water  per  cubic  foot 
of  mortar.  The  quantity  of  stone  measured  out  for  this  batch 
of  concrete  was  5  cubic  feet,  to  which  2  cubic  feet  of  the  mortar, 
prepared  as  described  in  the  foregoing,  was  added,  and  thoroughly 
mixed  by  repeated  turning.  The  foregoing  is  the  formula  fol- 
lowed throughout  the  entire  series  of  tests.  The  weight  of  the 
sand  was  taken  from  day  to  day.  For  this  purpose  a  box  holding 
exawtly  1  cubic  foot  was  provided,  into  which  the  sand  was 
flhoTeled,  and  gently  shaken,  care  being  taken  to  make  the  manip- 
ulation the  same  for  every  measurement.  Although  the  sand  was 
stored  in  a  dry  cellar,  considerable  variations  in  weight  per  cubic 
foot  were  found,  the  range  being  from  86.5  pounds  to  93.5  pounds. 
On  this  account  the  quantity  of  water  used  varied  considerably, 
so  much  so,  that  no  general  rule  as  to  use  of  water  can  be  formu- 
lated. So  far  as  can  now  be  determined  it  must  necessarily  be 
a  matter  of  judgment,  purely.  By  way  of  determining  the  scien- 
tific fact,  it  might  be  well  to  carry  out,  at  some  future  time,  a 
third  series  of  tests,  in  which  the  sand  used  should  be  made  per- 
fectly dry,  artificially;  in  this  way  attaining  the  same  scientific 
accuracy  as  in  laboratory  tests  of  cement.  Taking  into  account 
the  variations  in  weight  of  the  sand,  the  following  figures  as  to 
weight  of  water  actually  used  per  cubic  foot  of  mortar  must  ibe 
considered  as  approximate  only.  As  already  stated,  no  hard-and- 
fast  rule  C4li  be  laid  down.  Good  judgment  must  be  exercised 
by  the  person  in  charge  at  every  step  in  the  process. 

For  the  Genesee  brand,  in  1  to  1  mortars,  the  quantity  of  water 
was  20.9  pounds  per  cubic  foot  of  dry  mortar,  22.2  pounds  per 
cubic  foot  of  plastic  mortar,  and  24.3  pounds  per  cubic  foot  of  ex- 
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cesB  mortar.  For  2  to  1  mortars,  the  flgureB  were:  dry,  18.1 
pounds;  plastic,  22.4  ponndis;  excess,  23  XK)UBds.  Three  to  1 
mortars,  dry,  18.5  pounds;  plastic,  20.4  pounds;  excess,  22.1 
pounds.  In  4  to  1,  6  to  1  and  6  to  1  mortars;  dry,  17.5  pounds; 
plastic,  21  pounds;  excess,  22  pounds. 

For  Millem's  Way  land,  the  approximate  figures  are:  1  to  1,  dry, 
20  pounds;  plastie,  21  pounds;  excess,  28.6  x>ounds.  For  2  to  1, 
3  to  1,  4  to  1  and  5  to  1,  dry,  from  lft.l  pounds  to  19.7  pounds; 
plastic,  20.8  to  21.3  pounds;  excess,  22.3  pounds  to  23  pounds. 

For  the  Empire  brand,  2  to  1  mortars,  dry,  20.3  pounds;  plas- 
tic, 21.8  pounds;  excess,  23  pounds.  For  3  to  1  and  4  to  1  mor- 
tars, dry,  from  18.3  to  19.1  x>oundB;  plastic,  20.4  to  20.7  pounds; 
excess,  22.5  to  22.7  x>ounds. 

For  the  Iron-Olad,  2  to  1  mortars,  dry,  20.2  pounds;  plastic, 
21.2  pounds;  excess,  22.9  pounds.  Three  to  1  and  4  to  1  mortars^ 
dry,  21.1  to  21.3  pounds;  plastic,  21.6  to  21.6  pounds;  excess,  22.1 
to  22.3  pounds. 

Champion  brand,  1  to  1  mortar's,  dry,  18.7;  plastic,  21.9;  ex- 
cess, 2QA.  Two  to  1  and  3  to  1  mortars,  dry,  18.5  to  18.8  pounds; 
plastic,  20  pounds;  excess,  22.3  to  23.2  pounds. 

The  following  are  the  means  of  aH  in  pounds  of  water  per  cubic 

foot  of  mortar. 

Dry. 


1  tol. 

2  to  1. 

3  tol. 

4  to  1. 

ft  to  1. 

Final  mean. 

20.i 

21.8 

19.4 

19.1 

18.1 

19.8 

Plastic. 
31.6        I         31.4       I         21.0       I         21.3        |         21.8       |        21.4 

EXCKSS. 

23.9        I         22.7       I         21.6       |         22.2        |         22.0       |        22.5 
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Without  being'  specially  precise,  these  figures  may  be  con- 
sidered as  giving  a  rough  guide,  either  in  actual  practice  on  work, 
or  for  further  experimentation. 

The  sand  used  was  taken  from  the  banks  at  Mount  Morris, 
and  was  o^f  the  same  general  quality  as  indicated  in  the  1894  re- 
port. )      : 

In  regard  to  expressing  the  quantity  of  mortar  used  in  concrete 
as  a  percentage  of  the  aggregate  material,  it  may  be  remarked 
that  such  practice  is,  in  my  opinion,  (far  sux>erioir  to  the  old- 
fa«hix)ned  formulae,  1,  2,  5;  1,  3,  7,  etc  Most  of  the  contractors 
and  engineers  I  have  met,  seem  to  have  very  far  from  clear 
ideas  as  to  the  theory  of  concrete,  the  fog  being,  without  doubt, 
due,  to  some  extent,  to  an  erroneous  nomenclature.  The  rela- 
tion between  the  old  f  ormulsB  and  the  expression  of  the  mortar 
as  a  per  cent,  of  the  aggregate,  is  very  simple.  Thus,  the  com- 
mon formula,  1  of  cement,  3  of  sand  and  7  of  broken  stone,  is 
really  a  1  to  3  mortar,  with  the  measured  quantity  of  mortar 
about  33  per  cent,  of  the  measured  quantity  of  broken  stone.  As 
proving  this,  we  may  consider  that  a  barrel  of  cement  and  3  bar- 
rels of  sand,  loosely  measured,  will  make  a  little  less  than  2^  bar- 
rels of  mortar,  which  is  a  little  more  thaji  33  per  cent,  of  7,  the 
number  of  barrels  of  stone. 

The  following  gives  the  record  of  the  tensile  tests  of  the  several 
cements  used  in  these  tests,  as  made  at  the  State  Cement  Testing 
oflflce  at  Albany,  the  results  being  in  pounds  per  square  inch.  AIJ 
briquettes  were  kept  in  air  24  hours;  the  balance  of  the  time  in 
water.  The  figures  represent,  in  each  case,  the  average  of  5 
briquettes.  For  those  marked  A,  standard  quartz  was  used  in 
mixing  the  mortar  briquettes.  (For  those  marked  B,  the  Mount 
Morris  sand  was  used  in  mixing  the  mortar  briquettes: 
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Geneses  Brand. 
(A)  Standard  Quartz. 


6.. 
27.. 


(B)  Mount  Morris  Sand, 


160 
274 


115 
147 


91 
114 


Days. 

Neat. 

1  to  1. 

2  to  1. 

8  to  1. 

4  to  1. 

6 

417 
496 
534 
527 

568 
657 
677 

708 
851 

223 
""'326"" 

169 
"'"226" 

115 
'"'136'" 

70 

13 

20 

27 

91 

Months. 

3 

4 

5 

6k 

78 
94 


Wayland  Brand. 


(A)  Standard  Quartz, 


(B)  Mount  Morris  Sand. 


Days. 

1 —  -  ■ 

Nsat. 

1  to  1. 

2  to  1. 

8  to  1. 

4  to  1. 

6 

464 
465 
523 
520 

534 
596 
652 
691 
782 

173 
■"*277" 

134 
""i62"' 

84 
'""£33" 

57 

13 

21 

27...^ 

92 

2  ... 

Months. 

3 

4 

5 

6 

6 

«»W«a  ■••« 

259 
868 

148 
184 

103 
127 

74 

27 

95 

884 
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Kmpire  Brand. 
(A)  Standard  QtMrU. 


Days. 

Neat. 

1  to  1. 

2  tol. 

8  to  L 

4  to  1. 

6 

416 
581 

604 
620 
683 
686 
729 

211 
357 

158 
255 

132 
164 

106 

27  .,, 

138 

2  ... 

Honths. 

3 

4 

5 

6 

(B)  Mount  Morris  Sand, 


6 

147 
222 

124 

185 

111 
155 

102 

27 

125 

Iron-Clad  Portland. 
(A)  Standard  QuarUf, 


(B)  Mount  Morrii  Sand. 


Days. 

/ 

Neat. 

1  to  1. 

2  to  1. 

8  to  1. 

4  to  1. 

6 

392 
494 
462 
513 

534 
577 
590 
598 
639 

232 
"■345" 

175 
'"214" 

139 
'"178" 

102 

18 

20 

27  . --- 

143 

2  ... 

HODthB. 

3 

4 

5 

6 

6 

187 
337 

168 
222 

125 
140 

f    71 

27 

102 
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Champion  Brand. 
{A)  Standard  Quartss. 


(B)  Mount  MorrU  Sand. 


Dajs. 

Neat. 

1  to  1. 

2  tol. 

3  tol. 

4  to  1. 

6 

217 
236 
277 
304 

320 
365 
390 
407 
484 

164 

'"279"' 

.... •••• 

130 
'""227" 

89 
'""155" 

57 

13 

20 

27  .... 

115 

2  ... 

Months. 

3 

4 

6  ... 

• 

6 

6 

147 
249 

122 
211 

69 
110 

41 

27 

59 

Buffalo  Portland  Brand. 


(A)  Standard  Quartz. 


Day*. 


Neat. 


6 

217 

13 

224 

20 

243 

27  ....---!--- 

256 

2  ... 

Months. 

280 

3 

353 

4 

366 

5 

376 

6 

504 

Itol. 


155 


237 


2  tol. 


109 


132 


(B)  Mount  Marrii  Sand. 


26 


8  tol. 


63 

ioe' 


4  tol. 


44 
"95 


6 

126 
197 

84 
142 

47 
122 

28 

27 

88 

386 
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Buffalo  Natural. 


(A)  Standard  QtMrtz, 


Days. 


6 

13 

20 

27 

Months. 

2 

3 

4 

5 

6 


Neat. 

1  to  1. 

2tol. 

169 

141 

91 

213 

226 

241 

232 

159 

330 

331 

343 

331 

358 

8t0l. 


67 


101 


The  foregoing  tests  show  that  there  is  no  great  diflference  be- 
tween the  Genesee,  Millem's  Wayland  and  Ehnpire  brands.  As- 
suming equal  care  in  manufacturing,  this  is  as  might  be  ex- 
pected. These  cements  aire  all  marl  cements,  and  presumably 
do  not  vary  greatly  in  composition.  The  following  is  an  analysis 
of  the  Wayland  marl,  as  furnished  by  Mr.  Millem  a  few  years 
ago: 

Per  oeDt. 

Insoluble  matter,  sand  or  silica 1.90000 

Iron  and  alum •   0.9200 

Sulphate  of  lime 0.3267 

Lime 51.4425 

Magnesia 1.5280 

Carbonic  acid 38.6800 

Organic  matter,  moisture  and  loss 5 .2028 

f      I  

i   .  100.0000 

.-.I  /:.•:..  ===== 


Stats  Exgesskk  and  Scktktos.  3$7 

Tlie  daj  used  in   tiie  Wajlaad  iNraoid  kas  the  f olIowiBK 


Motstaic . .. 

Bifiea 

6->4M 

ol.CtViO 

0 
54.5741 

Snlpiiate  of  li:>^ 

O.T&i 

O.T?63 

Iron  ^cmpiHnril^. .................. ... 

2.5750 

i.»414 

AJqmnia ..... 

3».6£H^ 

51.7'  10 

l-ra^r  ealrfnm  oTi*7e ....... 

4.C818        r 

5.<>.%« 

Magnesim.  masnesiom  oxide 

Alkali  ( bT  d-ffw^ncr'y  x.......... ..... 

4.»:^4? 

0.9:ie>8 

4.^196 
1.C479 

*                                                 i 

lOO.OCOO 

The  Iron-Clad  brand  is  produced  bj  a  different  proccsB.  la 
maniiiactnnng  this  cement,  a  limestone  rock  is  first  findr  ground 
and  th^i  mixed  with  the  proper  proportion  of  clay  before  bom- 
ing  into  clinker,  the  ground  limestone,  in  this  case,  taking  the 
place  of  the  natural  marls  used  in  the  Genesee,  Wayland  and 
Empire  brands.  The  following  is  the  arerage  analTsIs  of  the 
Iron-Clad  brand  as  giren  in  the  Glens  Falls  Portland  Cement 
C^Mnpany's  pamphlet: 


Lime 63.50 

Silicic  acid 21.50 

Clay  and  iron  oxide 10.50 

Magnesia 1.80 

Alkalies 0.40 

Bnlphuric  acid 1.50 

Loss 0.80 

100.00 
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The  Champion  brand  is  a  sand-silica  cement,  the  cement  base 
being  the  Iron-Clad  brand  just  referred  to.  The  tests  show  that 
this  is  apparently  a  satisfactory  cement,  although  not  attaining 
in  six  months  nearly  as  much  strength  as  the  pure  Portlands. 
According  to  the  company's  circular,  the  average  of  tests  made 
at  the  Silica  Portland  Cement  Company's  factory  at  Long  Island 
City,  New  York,  during  the  year  1895,  as  reported  by  Daniel  E. 
Moran,  President  of  the  company,  was  as  follows,  the  cement 
being  Iron-Clad  Portland,  mixed  with  two  parts  of  finely  ground 
•  sand:  For  seven  days'  test,  average  tensile  strength,  349  pounds 
per  square  inch;  fourteen  days'  test,  396  pounds  per  square  inch; 
twenty -eight  days'  test,  429  pounds  per  square  inch;  eighty-four 
days'  test,  544  pounds  per  square  inch. 

The  following  are  the  averages  of  a  number  of  tests  of  the 
Iron-Clad  brand  as  made  within  the  last  few  months  at  the  In- 
dian river  dam:  Neat  cement,  one  day  in  air  and  six  days  in 
water,  average  tensile  strength,  684  pounds  per  square  inch; 
3  to  1  mortar,  made  with  sand  from  lake  beach,  average  tensile 
strength  in  seven  days,  195  pounds  per  square  inch.  The  rela- 
tive values  of  these  several  cements  for  concrete  making  are  so 
clearly  shown  in  Table  No.  1,  as  to  make  discussion  of  that 
question  unnecessary  here. 

Under  an  arrangement  with  the  commanding  oflScer  at  the 
United  States  Arsenal,  Watertown,  Massachusetts,  the  blocks 
were  broken  there,  without  any  expense  to  the  State  of  New 
York  other  than  their  delivery  at  the  arsenal.  The  results  may 
be  relied  upon,  as  the  best  attainable  in  the  United  States,  the 
breakings  having  been  made  on  the  large  800,000-pound  testing 
machine  at  the  arsenal.  We  are  especially  indebted  to  Major  J. 
W.  Reilly,  of  the  Ordnance  Department,  Oonunandant,  and  to  J. 
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E.  Howard,  C.  E.,  in  charge  of  the  testing  machine,  for  many 
courtesies  received.  The  results  are  all  certified  to  by  Mr. 
Howard,  as  well  as  signed  by  Major  Reilly,  the  Commandant. 

By  way  of  illustrating  the  extent  of  the  concrete  tests  carried 
out  by  the  State  Engineer  and  Surveyoir's  Department,  it  may 
be  mentioned  that  the  tests  of  1893  included  173  blocks.  The 
following  are  the  blocks  of  the  present  tests: 

Genesee  brand 112 

Wayland 120 

Iron-Clad  84 

Empire 96 

Champion 84 

Buffalo  Portland  12' 

Buffalo  Natural 86 

Total 544 


In  both  sets  of  tests,  the  blocks  were  all  cubes  of  a  foot,  this 
size  insuring  what  may  bei  properly  termed  purely  practical  tests, 
in  contradistinction  to  the  great  bulk  of  laboratory  tests  which 
have  mostly  been  made  on  concrete  cubes  of  from  3  to  5  inches. 

We  may  now  proceed  to  a  description  of  the  tables.  In  Table 
No.  1,  we  have  presented  the  general  data  of  the  tests.  As  will 
be  seen  by  examining  this  table,  the  blocks  of  each  series  stand 
by  themselves;  all  blocks  with  the  same  Arabic  numeral  were 
made  at  the  same  time,  and  have  precisely  the  same  composition, 
but  blocks  1,  la,  lb  and  Ic,  etc.,  have  each  received  different  treat- 
ment as  regards  exposure  to  weather  conditions.  For  instance, 
block  1  was  placed  in  water  when  taken  from  the  molds,  as  already 
described;  block  la  stood  in  a  cool  cellar;  block  lb  was  placed 


\ 


390  Annual  Report  op  the 

in  the  open  air  and  exposed  to  the  weather,  and  block  Ic  waa 
placed  in  the  open  air,  but  covered  with  barlap,  knd  wet  with 
water  several  times  a  day,  as  described  on  a  previous  page.  The 
same  arrangement  holds  throughout  the  whole  of  Table  No.  1. 
Column  (2)  gives  the  date  of  fabrication  of  the  blocks  in  the  year 
1896;  Column  (3),  the  date  of  test  at  Watertown  arsenal  in  1898; 
Column  (4),  the  age  of  each  block  in  days;  Columns  (5)  and  (6),  the 
temperature  of  air  and  water  on  date  of  making;  Column  (7), 
the  consistency  of  the  mortar  as  to  whether  dry,  plastic,  or  with 
water  in  excess ;  Column  (8),  the  brand  of  cement  used ;  Column  (9), 
the  parts  by  volume  of  cement  in  the  mortar;  Column  (10),  the 
weight  per  cubic  foot  of  the  cement  in  pounds,  as  determined  by 
Mr.  Faija's  method;  Column  (11),  parts  by  volume  of  sand  used 
in  the  mortar;  Column  (12),  the  ratio  of  the  amount  of  stone  usM 
to  the  mortar,  in  per  cent.;  Column  (13),  the  hours  each  block 
remained  in  the  molds;  Column  (14),  the  total  weight  of  each 
block  in  pounds;  Column  (15),  the  weight  of  each  block  per  cubic 
foot;  Columns  (16),  (17)  and  (18),  the  dimensions  of  the  blocks; 
Column  (19),  the  sectional  area  in  square  inches;  Column  (20),  the 
first  crack  in  pounds  on  the  block;  Column  (21),  the  ultimate 
total  strength  of  each  block  in  pounds;  Column  (22),  the  ultimate 
strength  per  square  inch;  Column  (23),  the  mean  ultimate  strength 
per  square  inch  of  each  series;  and  Column  (24),  remarks  and 
explanations. 

In  Tabl^  No.  2,  we  have  a  comparison  of  those  blocks  in  which 
the  mortar  was  made  33  per  cent,  of  the  aggregate  material  with 
reference  to  amount  of  water  used  in  mortar,  the  comparison 
being  based  upon  means  of  the  ultimate  strength  per  square 
inch,  as  per  Column  (23)  of  Table  No.  1.  Column  (1)  of  this  table 
gives  the  quality  of  the  mortar;  Columns  (2),  (4),  (6),  (8)  and  (10), 
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the  serial  numbers  or  marks  of  the  blocks,  as  per  Table  No.  1, 
and  Columns  (3),  (5),  (7),  (9)  and  (11),  the  means  of  the  ultimate 
strength  per  square  inch,  as  per  Column  (23)  of  Table  No.  1.  In 
the  second  part  of  Table  No.  2,  the  1  to  2  and  1  to  3  blocks,  dry, 
plastio  and  excess,  are  compared,  the  means  being  carried  out  In 
Column  (12). 

Table  No.  3  is  a  similar  comparison  for  blocks  with  mortar 
40  per  cent,  of  the  aggregate.  Comparing  Columns  (12)  of  Tables 
Nos.  2  and  3,  it  is  seen  that  while  in  both  33  and  40  per  cent, 
mortar  blocks,  the  dry  blocks  are  considerably  stronger  than 
those  with  water  in  the  mortar  used  in  excess,  still,  the  difference 
between  the  33  per  cent,  mortar  blocks  and  40  per  cent,  mortar 
blocks  is  not  very  great.        i 

In  Table  No.  4,  we  have  a  summary  of  Tables  Nos.  2  and  3.  The 
difference  in  strength  between  dry,  plastic  and  excess  blocks  is 
strongly  brought  out  by  this  table. 

In  Table  No.  5,  we  have  a  comparison  of  concrete  blocks  in 
which  the  mortar  was  33  per  cent,  of  the  aggregate  material,  with 
reference  to  condition  and  consistency  of  mortar.  The  first  part 
^0)  of  the  table  includes  the  33  per  cent,  blocks  that  were  kept 
under  theoretical  conditions,  that  is,  were  placed  in  water  after 
taking  from  the  molds  where  they  remained  until  December  1, 
1896,  on  which  date  they  were  buried  in  sand  and  remained  until 
taken  out  for  shipment  January  10  and  11,  1898.  The  second 
part  (A)  includes  the  blocks  that  were  stored  in  a  cool  cellar  from 
the  date  of  making  until  they  were  shipped  for  test  on  January 
10  and  11,  1898.  The  third  part  (B)  includes  the  blocks  fully 
exposed  to  weather,  and  the  fourth  part  (C)  those  covered  with 
burlap  and  wet  several  times  a  day,  up  to  November  1, 1896.  A 
similar  division  will  be  found  in  Tables  Nos.  6,  7,  8,  9  and  10. 


N 
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Column  (1)  of  Table  No.  5  gives  the  quality  of  the  mortar; 
Columns  (2),  (4),  (6),  (8),  (10),  (12),  (14),  (16),  (18),  (20),  (22),  (24), 
(26),  (28)  and  (30)  give  the  serial  number  of  each  block  as  per 
Table  No.  1;  and  Columns  (3),  (5),  (7),  (9),  (11),  (13),  (15),  (17),  (19), 
(21),  (23),  (25),  (27),  (29)  and  (31)  give  the  ultimate  strength  in 
pounds  per  square  inch  on  each  block,  as  per  Column  (22)  of  Table 
No.  1.  The  data  for  each  cement  are  as  Indicated  by  the  headings. 
In  examining  Table  No.  5,  it  will  be  seen  that  the  number  of  blocks 
are  not  the  same  for  different  qualities  of  mortar  as  per  Col- 
unm  (1),  and  at  first  thought  it  might  appear  that,  due  to  this 
circumstance,  comparison  by  means  is  impracticable.  The  means, 
however,  are  not  to  be  compared  across  the  table,  but  vertically, 
thus:  In  Column  (3)  for  the  Genesee  brand  with  dry  mortar,  we 
have  the  means  of  (0),  2829;  the  means  of  (A),  2659;  the  means  of 
(B),  2179,  and  the  means  of  (C),  2464.  It  is  obvious  that  a  com- 
parison of  the  means  can  be  made  in  this  way,  and  safe  results 
attained. 

Table  No.fi  is  a  similar  comparison  to  Table  No.  5,  of  the  blocks 
in  which  the  miortar  was  40  per  cent,  of  the  aggregate  material. 

Table  No.  7  is  a  summary  of  Tables  Nos.  5  and  6.  Column  (1) 
of  this  table  indicates  the  per  cent,  of  mortar  in  the  blocks  for 
the  different  conditions  (0),  (A),  (B)  and  (C)  and  Columns  (2),  (3), 
(4),  (6),  (7),  (8),  (10),  (11),  (12),  (14),  (15),  (16),  (18),  (19)  ajid  (20),  the 
consistency  of  the  mortar;  Columns  (5),  (9),  (13),  (17),  (21)  and  (22), 
are  the  meanck  In  this  case  it  is  coBfiidered  flair  to  use  means 
across  the  table,  not  as  indicating  absolute  values,  but  as  illus- 
trating the  persistency  of  the  general  law  that  blocks  (0)  are  the 
strongest  of  all;  blocks  (A)  tbe  next  strongest;  blocks  (B)  the 
weakest  oi  all,  and  blocks  (C)  somewhat  stronger  than  (B). 
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Taible  No.  8  gives  the  comparieoB  of  the  1  to  2, 1  to  3  and  1  to  4 
blocks,  in  which  the  mortar  was  33  per  cent,  of  the  aggregate, 
with  reference  to  quality  of  mortar  and  consistency  of  the  same 
under  the  several  conditions.  Oolnmn  (1)  of  this  table  designates 
the  brand  of  cement;  Columns  (2),  (4),  (6),  (8),  (10),  (12),  (U),  (16) 
and  (18)  the  serial  number  as  per  Table  No.  1,  and  Columns  (3),  (5), 
(7),  (9),  (11),  (13),  (15),  (17)  and  (19),  the  ultimate  strength  in 
pounds  per  square  inch,  as  per  Column  (22),  of  Table  No.  1.  The 
means  of  this  table  should  be  read  vertically,  the  same  as  de- 
scribed for  a  previous  table. 

Table  No.  9  is  a  similar  showing  to  that  of  Table  No.  S,  but  with 
the  mortar  40  per  cent,  of  the  aggregate  material. 

Table  No.  10  is  a  summary  of  Tables  Nos.  8  and  9.  The  meanA 
are  carried  out  across  this  table,  the  same  as  in  Table  No.  7,  for 
the  purpose  of  exhibiting  the  law  of  strength  under  the  several 
conditions. 

Tables  11  to  17,  inclusive,  contain  information  of  great  inter- 
est with  reference  to  the  compressibility,  elasticity  and  modulus 
of  elasticity  as  determined  for  the  diflferent  blocks.  On  this  part 
of  the  work  much  more  was  done  by  the  Federal  authorities  at 
the  Watertown  Arsenal  than  was  expected,  and  our  thanks  are 
accordingly  due  to  the  Commandant  of  the  arsenal  for  the  exten- 
sive manner  in  which  this  part  of  the  subject  was  treated. 

The  results  of  the  tests  are  so  thoroughly  exhibited  by  Tables 
Nos.  2  to  10,  inclusive,  as  to  make  extended  reference  to  them  un- 
necessary. One  final  remark  may  be  made,  however,  that  these 
tests  were,  in  every  sense,  practical.  That  is  to  say,  the  variouB 
details  carried  out  in  the  tests  can  be  produced  in  actual  work 
without  adding  unduly  to  the  cost.  As  to  concretes  made  with 
dry  mortars,  it  may  be  further  remarked,  that  while  the  use  of 


\ 
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Buch  requires  more  labor  of  ramming,  etill^  oareful  obBervationB 
made  at  Indian  Biver  dam  now  under  oonBtmction,  indicate  that 
the  cost  of  the  additional  ramming  is  very  small.  As  regards 
concretes  made  with  mortar,  33  per  cent,  of  the  aggregate,  versus 
that. with  the  mortar  40  per  cent,  of  the  aggregate,  it  may  be  alM 
pointed  out  that  the  gain  of  strength  by  use  of  additional  mortar 
is  seen  to  be  only  slight.  The  real  i>oint  api>ears  to  be,  to  f^ 
thoroughly  mix  the  concrete  as  to  insure  the  thorough  smearing 
of  every  piece  of  broken  stone  with  mortar.  By  so  doing,  and  by 
the  use  of  thorough  ranuuing,  practically  as  strong  concretes  are 
produced  with  the  smaller  quantity  of  mortar  as  with  the  larger. 
It  is  needless  to  remark  that  ordinarily  the  cost  of  the  additional 
ramming  will  be  less  for  the  concretes  made  with  33  per  cent, 
mortar,  than  the  cost  of  the  additional  cement  in  the  40  per  cent, 
mortar.  The  tests  seem  to  indicate,  therefore,  the  utility  of 
using  only  enough  mortar  to  just  about  fill  the  voids  after  ram- 
ming, and  to  depend  upon  thorough  ramming  for  the  strength 
and  solidity  of  the  concrete. 

Very  respectfully, 

GBOBOE  W.  BAFTEB. 


I 

t 


I 

! 
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MORTAR  — 33  PER  CENT.  OF  THE  AGGREGATE. 

TABLE  No.  2. 

Compa/rison  of  Concrete  Blocks  with  Reference  to  Amoimt  of 

Water  Used  in  Mortar. 

I  Comparison  based  upon  Means  of  the  ultimate  strenirth  per  equare  inoh  as  per  Colnmn  28,  ot 

Table  Mo.  1.] 

Dry. 


Obneskb. 

WATIJkTVD. 

Ibon-Clad. 

Empibb. 

CBAMPIOff. 

Quality 

OF 
HOBTAB. 

Col.  23  of 
Table  1. 

• 

u 

a 

• 

^£ 

■ 

(5) 

4.267 

2.f88 

2,056 

1,810 

1,537 

1 

a 

Col.  23  of 
Table  I. 

1 

a 

r 

Col.  23  of 
Table  I. 

Col  28  of 
Table  1. 

(1) 

1  to4 

1  to) 

1  to  3 

1  to  4 

1  to  5 

1  to  6 

1 

8 

9 

10 

11 

(8) 
4,180 
2,852 
3,065 
2.059 
1,664 
1,427 

(4) 
29 
80 
81 
32 
83 

(6) 

•  •  «  ■ 

59 
60 
61 

■  •  •  • 

■  *  ■  • 

(7) 

*  2,777 
1,601 
1,412 

(8) 

"77* 
78 
79 

•    •   •   • 

(») 

'8.265 
1,992 
1.666 

(10) 
95 
96 
97 

■  •  •  • 

«   ■   •  V 

«  «  •  ■ 

2,289 
1.491 

(1«) 

Plastic. 


1 
I 
1 
1 
1 
1 


to  1 
to  2 
to  3 
to  4 
to5 
to  6 


12 

22* 

13 

14 

15 


3.505 
2,962 
2,811 
2,036 
1,801 


34 
35 
36 

87 
88 


4,072 
2,777 
2,207 
1,600 
1,568 


62 
63 
64 


2,5S2 
1,750 
1,48A 


80 
81 
83 


2,629 
2.014 
1,523 


1 
1 
1 
1 
1 
1 


to  1 
to  3 
to8 
te4 

to  5 
to6 


16 

17 

18 

3 


8,622 
3,524 
2,255 
2,416 


89 
40 
41 
42 
48 


26 


8.764 
2,847 
1.723 
1.767 
1,441 


Excess. 


65 
06 

•7 


2,436 
1,718 
1,594 


84 
85 


3,899 
1.898 
1.488 


i.- 
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TABLE  No.  11. 
Compression  Tests  of  Concrete  Cubes  Made  of  Genesee  Cement. 

Masks,  7. 
Seotiooal  area,  144.24  aqoare  inohes.    Ganged  length,  5  aqnanSinohaa. 

[Refer  to  Table  No.  1  for  full  blstorj  of  blocks.] 


Applibd  Loads. 


In  Gauokd 
Length. 


t 

3 

e 
H 


14,424 
28.848 
43.272 
17,096 
80,544 
110,892 
144,240 
178.088 
201,930 
280,784 
250,032 
288,480 
817,328 
840,170 
375,024 
403,872 
432,720 
401,568 
490,410 
510,264 
548,112 
576.960 
072,000 


14,388 
28,776 
43.104 
57.552 
71,940 
80,828 
100,710 
115,104 
129.492 
148,880 
158,268 
172,656 
187,044 
201,432 
215,820 
•230,208 
244,590 
260.000 
258,084 
273.372 
287,780 
802,148 
810  536 
830,024 
845,312 
859,700 
874,088 
888.476 
402.864 
417,252 
431.640 
583,400 


100 

200 

800 

400 

600 

800 

1,000 

.1.200 

1.400 

1,600 

1,800 

2,000 

2,200 

2,400 

2,600 

2.800 

8,000 

8.200 

8,400 

8,600 

3,800 

4,000 

4,659 


• 

a 

o 

• 

y 

3 

a 

^ 

5 

£ 

0 

0 

.0001 

0 

.0003 

0 

.0005 

0 

.0009 

.0002 

.0015 

.0003 

.0021 

.0005 

.0028 

.0007 

.0086 

.0009 

.0044 

.0012 

.0054 

.0010 

.0066 

.0020 

.0080 

.0024 

.0095 

.0083 

.0111 

.0089 

.0135 

.0055 

.0149 

.0062 

.0175 

.0076 

.0197 

.0088 

.0230 

.0107 

.0256 

.0128 

.0289 

.0141 

Remar]pB. 


Initial  load. 


Firat  orack. 


Ultimate  strength. 


Marks,  7a. 


Seotional  area,  143.88  square  inches.    Ganged  length,  5  inches. 


100 

200 

300 

400 

500 

000 

700 

800 

900 

1,000 

1,100 

1,200 

1.300 

1,400 

1,500 

1,600 

1,70U 

iioo 

1,900 
2.000 
2.100 
2,200 
2,300 
2,400 
2.500 
2,600 
2,700 
2.^00 
2,900 
8.000 
4,055 


0 

0 

.0005 

.0001 

.0009 

.0002 

.0012 

.0004 

.0017 

.0006 

.0022 

.0008 

.0028 

.0010 

.0035 

.0012 

.0043 

.0015 

.0050 

.0019 

.0059 

.0022 

.0069 

.0027 

.0079 

.0033 

.0080 

.0038 

.0102 

.0045 

.0114 

.0052 

.0127 

.0060 

'"".oiii 

'""!6671 

.0153 

.0080 

.0168 

.0089 

.0179 

.0097 

.0193 

.0107 

.0206 

.0116 

.0216 

.0125 

.0230 

.0134 

.0241 

.0142 

.0252 

.0151 

.6268 

.0161 

.0281 

.0171 

.0294 

.0180 

Initial  load 


First  oraok. 


Ultimate  strength. 
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TABLE  No.  11.— (Contmued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Oenesee  Cement. 

Markb,  12. 
S«ctiooaI  area,  144.12  aqaare  inches.    Gauged  leoii^h,  5  inoboB. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 

In  GAuaBD 
Lkkgth. 

• 

U 

■ 

• 

,4 

Remarks. 

o 

0 

.9 

"S-*? 

a 

« 

t 

3 

e 

ounds 
iquare 

or* 
S 

M 

H 

P^" 

O 

14,412 

100 

0 

* 

0 

Initial  load. 

38.824 

200 

.0001 

0 

. 

43,286 

800 

.0008 

0 

57,648 

400 

.0006 

0 

86,472 

600 

.0012 

.0001 

115,206 

800 

.0019 

.0004 

144,120 

1,000 

.0027 

.0006 

* 

172,044 

1,200 

.0036 

.0000 

201,768 

1,400 

.0046 

.0018 

230,502 

1,600 

.0057 

.0016 

259.416 

1,806 

.0078 

.0024 

288,240 

2,000 

.0089 

.0038 

817,064 

2,200 

.0107 

.0042 

845,888 

2,400 

.0129 

.0058 

874.712 

2,000 

.0147 

.0060 

408,586 

2,800 

.0164 

.0070 

430.000 

First  craek. 

482.360 

siooo 

.iiib 

.0085 

461,184 

8,200 

.0178 

.0000 

490,008 

3,400 

.0104 

.0007 

618.882 

8,600 

.0218 

.0108 

§47,666 

3,800 

.0252 

.0083 

Ultimate  strength. 

MABK8,  16. 

Sectional  area,  144.86  square  inches.    Gauged  lengthy  6  inches. 


14,486 
28,872 
48,808 
57.744 
86,616 
115,488 
144,360 
173,282 
202.104 
280,076 
250.848 
288.720 
817,502 
846,464 
875,336 
404,208 
433,  OPO 
461,052 
400.824 
510,606 
648.100 


100 

200 

800 

400 

600 

800 

1,000 

1,200 

1,400 

1.600 

1,800 

2,000 

2,200 

2,400 

2,600 

2,800 

8,000 

3,200 

8,400 

8,600 

8,797 


0 

0 

.0002 

0 

.0005 

.0060 

.0008 

.0001 

.0015 

.0003 

.0022 

.0007 

.0043 

.0011 

.0046 

.0017 

.0061 

.0023 

.0081 

.0083 

.0008 

.0043 

.0120 

.0055 

.0142 

.0068 

.0160 

.0082 

.0102 

.0007 

.0210 

.0118 

.0246 

.0180 

.0277 

.0151 

.0818 

.0177 

.0470 

.0225 

.0452 

Initial  load. 


First  oraok. 


Ultimate  strength. 
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TABLE  No.  11— {Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Oenesee  Cement. 

Sectional  area,  144.60  square  inches.    Gauged  length,  6  Inches. 
[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 

In  Gauqbd 
Length. 

• 

• 

a 
a 

.S 

•  • 

• 

Remarks. 

mm 

XJS 

a 

s. 

l« 

p^ 

3 

§1 

gM 

^ 

• 

I- 

o 

^ 

14,460 

100 

0 

0 

Initial  load. 

28,920 

200 

.0001 

0 

48,880 

800 

.0002 

0 

57,840 

400 

.0004 

0 

80,700 

600 

.0008 

.0001 

110,680 

800 

.0012 

.0002 

■ 

144,600 

1,000 

.0015 

.0004 

173,530 

1,200 

.0020 

.0005 

202,440 

1.400 

.0025 

.0007 

281,800 

1,600 

.0031 

.0009 

200,280 

1.81)0 

.0037 

0011 

289,200 

2,000 

.0045 

.0014 

'       818,120 

2,200 

.0053 

.0016 

847,040 

2,400 

.0061 

0020 

875.060 

2,600 

.0071 

.0024 

First  craok. 

404.880 

2,800 

.0082 

.0030 

433.800 

3,000 

.0002 

.0084 

462,720 

3,200 

.0105 

.0042 

401,640 

3,400 

.0120 

.0058 

• 

520,560 

3,600 

.0121 

.0063 

582,100 

3,680 

Ultimate  strength. 

MARK8,  17. 

Sectional  area,  144.60  square  inches.    G 

14,460 

100 

0 

0 

Initial  load. 

28,020 

200 

.0015 

.0012 

48,880 

800 

.0036 

.0081 

57.840 

400 

.0057 

.0047 

86,760 

600 

.0088 

.0078 

115,680 

800 

.0110 

.0095 

144,600 

1.000 

.0150 

.0118 

178,520 

1,200 

.0181 

.0143 

202,440 

1,400 

.0220 

.0172 

281,360 

1,600 

.0254 

.0199 

260,280 

1,800 

.0205 

.0282 

First  oraok. 

289,:20O 

2.000 

.0343 

.0270 

318.120 

2,200 

.U390 

.0311 

847,040 

2,400 

.0405 

.0395 

875,960 

2.600 

.0579 

.0455 

419,600 

2,902 

intimate  str 
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TABLE  No.  11— {Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Genesee  Cement. 

MABK8,  8. 

Sectional  area,  144.12  square  inches.   Gauged  length,  5  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 

In  Gauokd 
Lbnoth. 

4          ^ 

1 

1 

Ponndi   per 
aqnare  inch. 

• 

o 

s 
5 

m 

fl 

a 

Remarks. 

14,412 

28,824 

48.236 

57,648 

86,472 

115.296 

144.120 

172,944 

201.768 

230.592 

259,416 

288,240 

28,824 

57,64H 

86.472 

115.'J90 

144,120 

172,944 

201.768 

230,592 

259.416 

230,592 

201.768 

172,944 

144,120 

115.296 

86,472 

57,648 

28,b24 

810,000 

817,064 

845,888 

374,712 

403,536 

432,360 

474,000 

100 

200 

300 

400 

600 

800 

1.000 

1,200 

1,400 

1,600 

1.800 

2.000 

200 

400 

600 

800 

1,000 

1,200 

1.400 

1,600 

1,800 

1.600 

1,400 

1,200 

1,000 

800 

600 

400 

200 

""i^ioo 

2,400 
2,600 
2,800 
3,000 
8,289 

0 
.0001 
.0002 
.0004 
.0009 
.0015 
.0022 
.0031 
.0039 
.0052 
.0067 
.01100 
.(033 
.0040 
.0048 
.0057 
.00«H 
.0070 
.0076 
.0081 
.0087 
.0084 
.0081 
.0077 
.0075 
.0069 
.0063 
.0055 
.0042 

"".om 

.0130 
.0154 
.0184 
.0216 

0 

0 

0 
.0001 
.0001 
.0003 
.0ft<»5 
.0007 
.0010 
.0014 
.0019 
.0031 

"*!o638 

Initial  load. 

First  «rack. 
intimate  strength. 

Marks,  2. 
Sectional  area,  144.12  square  inches.    Qauged  length,  5  Inches. 


14,412 

100 

28,824 

200 

43.236 

800 

57,648 

400 

86.472 

600 

115,296 

800 

144,120 

1,000 

172.944 

1,200 

201,768 

1,400 

230.592 

1,600 

259,416 

1,800 

288,240 

2,000 

817.061 

2,200 

845,888 

2,400 

374.712 

2.600 

403,536 

2.800 

435.500 

3,022 

0 
.0004 
.0013 
.0025 
.0046 
.0C69 
.0094 
.0120 
.0147 
.0175 
.0206 
.0229 
.0260 
.0308 
.0341 
.0398 


Initial  load. 


Firet'crack. 


Ultimate  strength. 
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TABLE  Na  11— {Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Genesee  Cement. 

Majucb,  is. 
Sectional  area,  144.12  square  Inches.    Gauged  length,  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 


Q 

e 

8. 
1 


14,412 

28.824 

48,236 

57,848 

88,472 

116,298 

144.120 

172,044 

201,788 

230,502 

250.000 

259,418 

288.240 

317.084 

845.888 

374.712 

.886,800 


14.558 

29,  U2 

48,668 

58,224 

87,386 

116.448 

145,560 

174.672 

201,784 

282.896 

1262,008 

291.120 

320,232 

397,100 


14.412 

28.824 

43,236 

57,648 

86.472 

115.296 

144,120 

172  944 

201  768 

230.IJO0 

230,  92 

25f»,4l6 

288,240 

317. QH4 

319.900 


SB  a 

•a  C 

o  5. 
o  o* 


In  Gauged 
Length. 


e 

•  ^ 

Is 

a 

o 


Remarks. 


100 

200 

300 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

i'soo 

2,000 
2,200 
2.400 
2.600 
2,680 


0 

0 

.0004 

.0001 

.0008 

.0004 

.0013 

.0006 

.0025 

.0014 

.0010 

.0022 

.0057 

.0086 

.0078 

.0050 

•0100 

.0066 

.0125 

.0083 

*'*!6i48 

■"'.0098 

.0178 

.0114 

.0199 

.0132 

.0220 

.0145 

.0261 

.0098 

Initial  load. 


First  orack. 


Ultimate  strength. 


Markb,  13. 


Sectional  area,  146.66  square  inches.    Gauged  length,  6  inches. 


100 

0 

200 

.0028 

300 

.0015 

400 

.0058 

600 

.0084 

800 

.0105 

1,000 

.0126 

1,200 

.0148 

1.400 

.0174 

1,600 

.0202 

1,800 

.0175 

2,000 

.0197 

2,20U 

.0217 

2,728 

0 
.0025 
.0039 
.0050 
.0068 
.0084 
.0096 
.0112 
.0130 
.0148 
.0113 
.0117 
.0095 


} 


Initial  load. 


First  craok. 

Cracks  developed  in  vicinity  of  the  micrometv. 

Ultim.ate  strength. 


Sectional 

100 

200 

300 

400 

600 

800 

1.000 

1,200 

1,400 

1,600 
1.800 
2,000 
2.200 
2,220 


Marks,  9. 
144.12  square  inches.    Gauged  length,  6  Inches. 


0 
.0003 
.0009 
.0014 
.0031 
.0050 
.0078 
.0106 
.0133 

.0165 
.0196 
.0239 
.0278 


0 
.0001 
.0003 
.0007 
.0015 
.0026 
.0044 
.0064 
.0083 

\6m 

.0123 
.0149 
.0164 


Initial  load. 


First  orack. 


Ultimate  strength. 
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TABLE  No.  11 — (Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Chnesee  Cement. 

«  Marks,  14. 

Sectional  area,  144.72  square  Inches.    Gauged  length,  6  Inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applibd 

LOADB. 

Ik  Oauobd 
Lbngtu. 

4 

a 

I 
1 

H 

Pounds  per 
square  inch. 

Ckmipression. 
Inch. 

Set   Inch. 

Remarks. 

14,472 

100 

0 

0 

Initial  load. 

28,944 

200 

.0042 

.0038 

43,416 

800 

.0079 

.0070 

57,888 

400 

.0112 

.0097 

8«,832 

600 

.0160 

.0187 

115,776 

800 

.0201 

.0172 

144,720 

1,000 

.0230 

.0191 

173,664 

1,200 

.0261 

.0215 

First  crack. 

?02,608 

1,400 

.0290 

.0236 

806,800 

2,120 

Ultimate  streoffth. 

14,460 

28,920 

43,380 

67,840 

72,800 

88,760 

101,220 

115,680 

180.140 

144,600 

159,060 

173,520 

187,980 

202,440 

216,900 

231,860 

245,820 

260,280 

^4,740 

289,200 

803,660 

818,110 

832,580 
870,800 


Marks,  8. 
Sectional  area,  144.60  square  inches.    Gauged  length,  5  Inches. 

Initial  load. 


100 

0 

0 

200 

.0002 

0 

300 

.0007 

.0001 

400 

.0012 

.0003 

500 

.0018 

.0006 

600 

.0025 

.0009 

700 

.0032 

.0013 

800 

.0039 

.0017 

900 

.0046 

.0022 

1,000 

.0055 

.0028 

1,100 

.0065 

.0086 

1,200 

.0076 

.0042 

1,300 

.0086 

.0049 

1,400 

.0098 

.0057 

1,500 

.0106 

.0063 

1,600 

.0119 

.0073 

1,700 

.0131 

.0080 

1.800 

.0141 

.0086 

1,900 

.0158 

.0099 

2,000 

.0178 

.0109 

2,100 

.0187 

.0118 

2,200 

i0184 

.0116 

8,800 

.0166 

.0094 

2,504 

First  crack. 


Surface  of  cube  generally  cracked.    Local  effects  in- 
fluence the  micrometer. 


Ultimate  strenf^th. 
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TABLE  No.  11— {Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Genesee  Cement, 


\,  10. 
Sectional  area.  144.24  square  inches.    Gauged  length,  5  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


14,364 

28,728 

43,092 

57,456 

71,820 

86.184 

100,548 

114,912 

129.276 

148,640 

158,004 

172,366 

186,730 

200,600 

201,004 

215,458 

229,822 

254,900 


APPI.in>  liOikDB. 

In  Gauobd 
Lbnoth. 

i 

1 

3 

It 

i 

• 

•g 

Remarks. 

• 

e 

8 

H 

0 

14,424 

100 

0 

0 

Initial  load. 

28,848 

200 

.0007 

.0004 

43,272 

300 

.0015 

.0010 

57,696 

400 

.0030 

.0U21 

72,120 

500 

.0041 

.0029 

86.514 

600 

.0061 

.0043 

100.068 

700 

.0081 

.0059 

115,392 

800 

.0101 

.0074 

129,816 

900 

.0120 

.0091 

144,240 

1,000 

.0145 

.0108 

158,664 

1,100 

.0172 

.0180 

163,000 

First  orack. 

173.088 

i.260 

1        .6205 

.0155 

• 

187.512 

1.300' 

.0237 

.0178 

201,986 

1,400 

.0269 

.0205 

216,860 

1,500 

.0314 

.0238 

230,784 

1,600 

.0364 

.0279 

253.800 

1,760 

Ultlinate  strength. 

Marks,  10a. 
Sectional  area,  143.64  square  inches.    Gauged  length,  6  inches. 


100 

0 

200 

.0008 

300 

.0014 

406 

.0026 

500 

.0038 

600 

.0054 

706 

.0068 

800 

.0085 

960 

.0108 

1,000 

.6117 

1,100 

.0185 

1,200 

.0156 

1,800 

.0173 

i',460 

""".oiii 

1,560 

.0208 

1.600 
1.775 

.0211 

0 
.0004 
.0010 
.0016 
.0024 
.0034 
.0043 
.0056 
.0071 
.6679 
.0091 
.0165 
.0116 


.0129 
.0135 
.0186 


Iciitial  load. 


First  orack. 


UltiiDate  strength. 
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TABLE  No.  11— (Contimed). 
Compression  Teats  of  Concrete  Cubes  Made  of  Qenesee  Oemeni. 

HABKB,  15. 

Sectional  area,  144.48  square  Inches.    Gauged  length,  5  Inches. 
[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


APPLIED  Loads. 


•o 

§ 

3 

o 
EH 


14,448 

28,896 

48,344 

67,792 

72,240 

86,688 

101.186 

115,684 

130,032 

144,480 

168,928 

178,376 

187,824 

202,272 

216,720 

231,168 

245,616 

260,064 

274,512 

287,700 


Is 


§ 


100 

200 

300 

400 

600 

600 

700 

800 

900 

1.000 

1,100 

1,200 

1.800 

1,400 

1,500 

1,600 

1,700 

1,800 

1,900 

1,991 


Sectional 


14,486 

100 

28.872 

200 

43.308 

300 

57.744 

400 

86.616 

600 

115.488 

800 

142,000 

144,360 

i,o66 

173,232 

1.200 

107, 100 

1,365 

iv  g^auged 
Length. 


I 

11 
I 


0 
.0012 
.0026 
.0037 
.0048 
.0059 
.0071 
.0082 
.0090 
.0108 
.0122 
.0186 
.0151 
.0171 
.0187 
.0209 
.0282 
.0258 
.0287 


a 


fl 
.0009 
.0019 
.0027 
.0086 
.0042 
.0051 
.0059 
.0069 
.0078 
.0088 
.0007 
.0108 
.0121 
.0134 
.0147 
.0105 
.0182 
.0210 


Remarks. 


Initial  load. 


First  crack. 


XTltimate  atiength. 


area, 

0 
.0011 
.0031 
.0052 
.0104 
.0170 

"!0249 
.0340 


144.36 


Marks,  1L 

square  Inches. 


Gauged  length,  6  inches. 


0 
.0007 
.0021 
.0038 
.0081 
.0135 


Initial  load. 


First  crack. 


Ultimate  strength. 


14.640 

20,280 

43,920 

58,560 

87.640 

117.120 

146,400 

175,680 

204,960 

234,240 

263,520 

292,800 

322,080 

851,360 

880,640 

4tn,000 

409,920 

439, '.'00 

468.480 

689,400 


Marks,  26. 
Sectional  area,  146.40  square  inches.    Gauged  lengthy  5  Inches. 

Initial  load. 


100 

0 

0 

200 

.0001 

0 

300 

.0004 

0 

400 

.0007 

0 

600 

.0015 

.0001 

800 

.0023 

.0005 

1,000 

.0083 

.0008 

1,200 

.0046 

.0018 

1,400 

.0062 

.0021 

1,600 

.0085 

.0035 

1.800 

.0103 

.0044 

2,000 

.0128 

.0060 

2,200 

.0162 

.0073 

2,400 

.0178 

.0088 

2,600 
""2;806 

.0201 

.0102 

.0227 

.0120 

8,000 

.0254 

.0185 

8,200 

.0284 

.0162 

8.684 

First  orack. 


Ultimate  strength. 


State  Engineer  and  Surveyor. 


407 


TABLE  No.  11— (Continued). 
Cf^mpreasion  Testa  of  Concrete  Cubes  Made  of  Genesee  Cement. 


Sectional  area,  14S.76  Bquare  incbes.    Gauged  length,  6  Inches. 
[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 

Ik  GauOBD 
Lkngth. 

• 

u   . 

"•1 

it 

(2- 

1. 

■ 

•g 

Remarks. 

i 

Compr 

i 

14,376 

100 

0 

0 

Initial  load. 

28,762 

200 

.0005 

.0001 

43,128 

300 

0010 

.0003 

57.504 

400 

.0015 

.00(16 

71,880 

500 

.0021 

.0009 

88,256 

600 

.0029 

.0012 

100,632 

700 

.0038 

.0015 

115,008 

800 

.0047 

0020 

120,384 

900 

.0059 

.0028 

143,760 

1,000 

.0071 

.0034 

158,136 

1,100 

.0086 

.0042 

172,512 

1.200 

.0100 

.0051 

186,888 

1.800 

.0120 

.0065 

200.000 

First  oraok. 

201,264 

""i*,466 

"*"!6i38 

"'!6077 

215,640 

1.500 

.0155 

' .0089 

280.016 

1,600 

.0179 

.0105 

• 

244.302 

1,700 

.0109 

.0118 

258,768 

1,800 

.0219 

.0138 

273.144 

1,900 

.0242 

.0150 

287,520 

2,000 

.0263 

.0165 

801,806 

2,100 

.0285 

.0188 

816,272 

2.200 

.0811 

.0211 

427,800 

2,976 

Ultimate  atrenglb. 

Sectional 

14,412 

100 

28,824 

•       200 

48,236 

800 

57.648 

400 

86,472 

600 

115,296 

800 

144,120 

1,000 

172,944 

1,200 

201,768 

1,400 

230,502 

1,600 

269,416 

1,800 

288,240 

2,000 

817,064 

2,200 

845,888 

2,400 

874,712 

2,600 

403.686 

2,800 

482,860 

8,000 

461,184 

8,200  • 

496,008 

8.400 

415,200 

2,881 

Marks,  4. 
area,  144.12  square  Inches.    Gauged  length,  6  inches. 

Initial  load. 


0 

0 

.0602 

0 

.0006 

0 

.0008 

.0001 

.0014 

.0002 

.0022 

.0006 

.0030 

.0008 

.0040 

.0012 

.0051 

.0017 

.0063 

.0022 

.0077 

.0028 

.0094 

.0087 

.0110 

.0046 

.0180 

.0060 

.0153 

.0677 

.0172 

.0086 

.0189 

.0099 

.0216 

•0118 

.0260 

.0144 

First  ernok. 


Ultimate  ntrengtb. 
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TABLE  No.  11— {Continued). 
Compression  Tests  of  Concrete  Cubes  Made  pf  Oenesee  Cement. 

Marks,  19. 
Sectional  area,  144.12  square  inches.    Gauged  length,  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 


o 

I 

H 


In  Gauged 
Lbnqth. 


.a 
a 


Remarks. 


14,412 
28,824 
48,28« 
17.148 

86.472 
115,296 
144,120 
172,944 
291,768 
280,592 
289,416 
288,240 
817,064 
845,888 
874,712 
408,536 
482,860 
486,000 


14,608 

29,016 

48,524 

58,082 

87,048 

116,064 

145,080 

174,096 

203,112 

232,128 

261.144 

200.160 

319.176 

848.192 

376,000 

377,208 

406)224 

435,240 

464,256 

493.272 


100 

0 

200 

.0002 

800 

.0006 

400 

.0010 

600 

.0018 

800 

.0028 

1,000 

.0039 

1,200 

.  .0052 

1,400 

.0066 

1,600 

.0063 

1,800 

.0101 

2,000 

.0124 

2,200 

.0144 

2,400 

.0171 

2.600 

.0202 

2,800 

.0241 

8.000 

.0296 

3,372 

0 

0 
.0001 
.0002 
.0005 
.0010 
.0014 
.0021 
.0028 
.0036 
.0045 
.,.0060 
.0074 
.0088 
.0110 
.0138 
.0178 


IniUal  load. 


First  crack. 


Ultimate  strenjrth. 


Marks,  22. 
Sectional  area,  146.08  square  Inches.    Gauged  length,  6  inches. 

1AA  A  n  Tnlfial  InflH. 


100 

0 

0 

200 

0 

0 

300 

.0002 

0 

400 

.0004 

0 

600 

.0009 

.0001 

800 

.0014 

.0008 

1,000 

.0022 

.0006 

1,200 

.0030 

.0009 

1,400 

.0040 

.0012 

1,600 

.0049 

.0017 

1,800 

.0062 

.0023 

2,000 

.0076 

.0030 

2,200 

.0092 

.0040 

2,400 

.0110 

.0050 

""iioo 

'".oiso 

""".0062 

2,800 

.0155 

.0079 

3.000 

.0165 

.0096 

3,200 

.0227 

.0124 

8,400 

.••..... 

First  crack. 


Ultiiiiate  strensth. 


'/. 
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TABLE  No.  11— (Cantinued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Qenesee  Cement, 

Markb,  m. 
Sectional  area,  144.86  square  Inches.    Gauged  length,  5  Inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


'applied  Loads. 

In  Gauged 
Length. 

u   . 

• 

. 

§ 

"•I 

■St 

ompression 
Inch. 

•9 

■*» 

Remarks. 

H 

fk" 

Q 

14,486 

28,872 

43,806 

57.744 

72,180 

86,616 

101,062 

115,488 

129,024 

144,360 

158,706 

173,232 

187.668 

202,104 

216,540 

230,976 

245,412 

259,848 

274,284 

288,720 

903,156 

317,602 

332,028 

■394,000 


100 

200 

800 

400 

500 

600 

700 

80t 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1.800 

1,900 

2,000 

2,100 

2,200 

2,300 

2,720 


0 
.0003 
.0007 
.0011 
.0016 
.0022 
.0038 
.0040 
.0u48 
.0059 
.0074 
.0088 
.0103 
.0117 
.0185 
.0158 
.0172 
.0188 
.0204 
.0224 
.0250 
.0276 
.0305 


0 
.0001 
.0002 
.0003 
.0005 
.0009 
.0016 
.0020 
.0025 
.0032 
.0041 
.0090 
.0060 
.0072 
.0084 
.0097 
.0110 
.0120 
.0180 
.0146 
.0166 
.0188 
.0206 


Initlsl  load. 


Pirsteraok. 


Ultimate  strength. 


Marks,  6. 
Sectional  area,  143.64  square  inches.    Gauged  length,  5  inches. 


14,864 

100 

0 

0 

Initial  load. 

28,728 

200 

'     .0002 

.0001 

48,092 

800 

.0005 

.0002 

67,456 

400 

.0008 

.0003 

86,184 

600 

.0017 

.0007 

114,912 

806 

.0030 

.0014 

143,640 

1.000 

.0045 

.0022 

172,868 

1.200 

.0007 

.0036 

201,096 

1,400 

.0092 

.0062 

289,824 

1,600 

.0121 

.0074 

258.552 

1,800 

.0152 

.0097 

First  crack. 

287,280 

2,000 

.0191 

.0124 

316,008 

2,200 

.0228 

.0152 

844,786 

2,400 

.0274 

.0189 

873,464 

2,600 

.0348 

.0246 

402,192 

2,800* 

.0428 

.0317 

411,400 

2,864 

Ultimate  sti 
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TABLE  No.  11— (Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Qenesee  Cement, 

Marks,  80* 
Sectional  area,  148.88  square  Inches.    Gauged  length,  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Appijibi)  Loads. 

In  Gauosd 
Lkhgth. 

Rena 

• 

1 

p^ 

• 

1 

li 

■ 

a 

M 

rks. 

1 

^^ 

F 

^ 

1^ 

^ 

H 

^ 

14,888 

106 

0 

0 

Initial  load. 

28.778 

200 

.0002 

0 

48.164 

800 

.0007 

.0002 

67.562 

400 

.0013 

.0004 

88,328 

600 

.0028 

.0013 

115,104 

800 

.0046 

.0025 

143,880 

1,000 

.0070 

.0040 

» 

172,666 

1,200 

.0096 

.0061 

201,482 

1,406 

.0122 

.0081 

280,208 

1,6U0 

.0156 

.0103 

First  craok. 

268,984 

1,800 

.0187 

.0120 

287,760 

2.000 

.0228 

.0158 

\ 

816,686 

2,200 

.0270 

.0185 

845,812 
874,088 

2,1400 
2,600 

.0320 

.0220 

X7ItiiDateBtren);th. 

14,448 

38,890 

48,844 

67,792 

72,240 

H6.4H8 

101,186 

13  5,5*4 

180,082 

144,480 

158.928 

173.376 

187,824 

202,272 

216,720 

231,168 

245,616 

848,000 


14.460 

100 

28,920 

200 

48,880 

800 

57.840 

400 

86,760 

600 

115,680 

800 

144,600 

1,000 

173,520 

1,200 

202.440 

1,400 

231.860 

1.600 

260,286 

1,806 

289,200 

2,000 

818,120 

2,200 

846,500 

8,3U6 

Marks,  23. 


144.48  square  inches.    Gauged  length,  6  inches. 


Initial  load. 


First  crack. 


ITltimate  AtreDf^th. 


Marks,  27. 

Sectional  area.  144.60  square  inches.    Gauged  length,  5  Inches. 

Initial  load. 


First  crack. 


Ultimate  strenj^h 
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TABLE  No.  11— (Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Genesee  Cement 

Mabkb,  tL 
Sectional  area,  143.40  > square  Inches.    Gauged  lengthy  5  inobeci. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applikd  Loads. 


e 
H 


& 


a 


•s  - 


In  Gauged 
Length. 


a 


a 

o 
O 


o 

a 


«2 


Remarks. 


14,840 

28,680 

43.020 

57.860 

86,040 

114,720 

143,400 

172,080 

300,760 

229.440 

358,120 

282,000 


14,436 

28,872 

43,808 

57,744 

86,616 

115,488 

144,310 

173,232 

202,104 

330,076 

.259.848 

988.720 

.399,800 


14,388 

38,776 

43,164 

57.552 

71,940 

86,328 

100,716 

115,104 

129,492 

143.880 

158,268 

172,666 

187,044 

201,432 

215,820 

280.208 

244,596 

258,984 

27H,372 

287.760 

845.600 


100 

9 

0 

200 

.0004 

.0001 

300 

.0011 

.0006 

400 

.0019 

.0011 

600 

.0089 

.9025 

800 

.0099 

.0044 

t,000 

.0100 

.0071 

1,200 

.0140 

.0100 

1,400 

.0187 

.0137 

1.600 

.0239 

.0177 

1,800 

.0301 

.0224 

1,967 

.0379 

Initial  load. 


Pintoraok. 


Ultimate  strength. 


Sectional 

100 

200 

300 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1.800 

2,000 

2,077 


Sectional 


area,  144.36 

0 
.0003 
.0907 
.0012 
.0023 
.0040 
.0060 
.0081 
.0102 
.0126 
.0101 
.0163 


MABKB,  34. 
square  inches. 


Gauged  length,  6  inches. 


0 
.0001 
.0002 
.0004 
.00)1 
.0019 
.0038 
.0046 
.0063 
.0079 
.0098 
.0097 


Initial  load. 


First  crack. 


Ultimste  strength. 


area,  148.88 


Marks,  6. 
square  inches. 


Gauged  length,  6  inches. 


100 

0 

0 

200 

.0004 

.0001 

310 

.0019 

.0003 

400 

.0016 

.0007 

500 

.0023 

.0011 

600 

.0030 

.0015 

790 

.0039 

.0022 

800 

.0052 

.0030 

900 

.0068 

.0042 

1,090 

.0079 

.9048 

1,100 

.0096 

.0060 

],?00 

.0113 

.0075 

1.300 

.0131 

.0087 

1;400 

.9150 

.0103 

1,600 

.01^0 

.0126 

1,600 

.0201 

..0143 

1,700 

.0226 

.0161 

1.600 

.02.'i5 

.0182 

1,900 

.0280 

.0200 

2,000 

.0303 

.0218 

2.402 

IniUalload. 


First  crack. 


Ultimate  strength. 


f^BLE  ■    ■  ^^  ^^  Oenetee  Cement. 

^pre>^  ^''  „  "■'^S/  0.«g»d  length.  B  Inch... 

.  ,»*.  "**     „     ,  for  (uil  bHwrr  ol  blocks.] 
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TABLE  No.  12. 
Compression  Tests  of  Concrete  Cubes  Made  of  WayUmd  Cement, 

Sectional  area,  144.60  square  inches.    Gauged  length,  5  Inches. 
[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applikd  Loads 

In  Gauged 
Lbnoth. 

« 

• 

« 
g 

per 
nch. 

•§  . 

■ 

a 

Remarks. 

t 

^1 

ipres 
Inch 

M 

• 

gg. 

1 

£ 

H 

P^" 

14,400 

100 

0 

0 

Initial  load. 

28,920 

200 

.0002 

0 

43,380 

800 

.6004 

0 

67,840 

400 

.0007 

.0001 

86,760 

600 

.0018 

.0002 

115,680 

800 

.0019 

.0004 

144,606 

1.000 

.0027 

.0006 

173,520 

1,200 

.0087 

.0009 

202.440 

1,400 

.0047 

.0012 

231.360 

1.600 

.0061 

.0016 

# 

260,280 

1,800 

.0076 

.0020 

289.200 

2,000 

.0005 

.0030 

318,120 

2,200 

.0118 

.0039 

847,040 

2.400 

.0185 

.0050 

375,960 

2,600 

.0152 

.0062 

404  880 

2,800 

.0167 

.0072 

First  crack. 

433,800 
462,720 

3,000 
8,200 

.0178 
.0177 

.0077 
.0081 

>  Micrometer  disturbed. 

491,640 

8,400 

.0207 

.0090 

520,560 

8,600 

.0222 

.0097 

649,480 

3,800 

.0239 

.0106 

678,400 

4,000 

.0260 

.0116 

607,320 

4,200 

.0280 

.0120 

636,240 

4,400 

.0343 

.0141 

648,000 

4,481 

Ultimate  strength. 

Sectional  area,  144. 


MAXUCB^  84. 

square  inches.    Gauged  length,  6  inches. 


14,436 
28.872 
48,308 
57,744 
86,616 
115,488 
144.360 
173.232 
202,104 
230.976 
259,848 
288,720 
817,592 
346,494 
375,336 
404,208 
433,080 
461,952 
490,824 
519,616 
648,568 
677,440 
651,000 


100 

0 

200 

.0003 

300 

.0007 

400 

.0011 

600 

.0019 

800 

.0027 

1,000 

.0038 

1.200 

.0049 

1,400 

.0062 

1,600 

.0079 

1.800 

.0099 

2.000 

.0124 

2,200 

.0153 

2,400 

.0178 

2,600 

.0210 

2,800 

.0240 

8,000 

.0269 

8,200 

.0298 

8,400 

.0333 

8,600 

.0364 

3,800 

.0308 

4,000 

.0435 

4,510 

0 
.0001 
.0001 
.0002 
.0004 
.0008 
.0012 
.0016 
.0022 
.0029 
.0038 
.0052 
.0068 
.0084 
.0104 
.0124 
.0143 
.0162 
.0186 
.0203 
.0228 
.0252 


Initial  load. 


First  crack. 


Ultimate  stri^iifrtb. 
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TABLE  No.  11— (Concluded). 
Compression  Tests  of  Concrete  Cubes  Made  of  Oenesee  Cement, 

Marks,  28. 
Sectional  area,  146.20  square  Inches.    Gauged  length,  5  Inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Apflibd  Loads. 


ce 

a 
a 

a 


e 
H 


In  Gauged 
Lbnoth. 


s 
o 

9  O 


I 


a 


& 


'Remarks- 


14.520 

29,040 

a,560 

M,080 

87,120 

116,160 

145,200 

174,240 

203,280 

232,320 

261,360 

280,400 


100 

0 

0 

200 

,   .0002 

.0001 

800 

.0006 

,0003 

400 

.0014 

.0007 

600 

.0035 

.0020 

800 

.0060 

.0085 

1,000 

.0099 

.0065 

1,200 

.0145 

.0101 

1.400 

.0210 

.0158 

1,600 

.0328 

.0252 

1,800 

.0128 

.6827 

1,931 

.0590 

Initial  load. 


First  crack. 


TTltimate  strength. 
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TABLE  No.  12. 
Compression  Testa  of  Concrete  Cubes  Made  of  Wayland  Cement. 


» ^. 


Sectional  area,  144.60  square  inches.    Gauged  length,  5  Inches. 
[Refer  to  Table  No.  1  for  full  history  of  blocka.] 


Appr.iKD  Loads 

In  Gauged 
Lbnoth. 

• 

1 

s  per 

e  inch. 

• 

• 

•§ 

Remarks. 

H 

si 
1? 

1 

1 

14,460 

100 

0 

0 

Initial  load. 

28,920 

200 

.0002 

0 

43,880 

800 

.9004 

0 

67,840 

400 

.0007 

.0001 

86,760 

600 

.0018 

.0002 

116,680 

800 

.0019 

.0004 

144,606 

1,000 

.0027 

.0006 

173,520 

1,200 

.0087 

.0009 

202,440 

1,400 

.0047 

.0012 

281,860 

1,600 

.0061 

.0016 

^ 

260,280 

1.800 

.0076 

.0020 

289.200 

2,000 

.0095 

.0030 

818,120 

2,200 

.0118 

.0039 

847,040 

2.400 

.0135 

.0050 

876.060 

2,600 

.0162 

.0062 

404  880 

2,800 

.0167 

.0072 

First  crack. 

483,800 
462,720 

3,000 
3,200 

.0178 
.0177 

.0077 
.0081 

1  Micrometer  disturbed. 

401,640 

8,400 

.0207 

.0090 

520,560 

8,600 

.0222 

.0097 

649,480 

3,800 

.0239 

.0106 

578,400 

4,000 

.0260 

.0116 

607,820 

4,200 

.0280 

.0120 

636,240 

4,400 

.0843 

.0141 

648,000 

4,481 

Ultimate  strength. 

Sectional  area,  144.36  square  inches.    Gauged  length,  5  inches. 


14,486 
28,872 
48,308 
67,744 
86,616 
115.488 
144.360 
173,282 
202,104 
230.076 
259,848 
288,720 
817,592 
846,464 
875,336 
404,208 
433,080 
461,952 
490.824 
619.616 
648.568 
677,440 
651,000 


100 

0 

200 

.0003 

300 

.0007 

400 

.0011 

600 

.0019 

800 

.0027 

1.000 

.0C38 

1.200 

.0049 

1,400 

.0062 

1,600 

.0079 

1,800 

.0099 

2,000 

.0124 

2,200 

.0153 

2,4U0 

.0178 

2,600 

.0210 

2,800 

.0240 

3,000 

.0269 

8.200 

.02S8 

3.400 

.0333 

3,600 

.0364 

3,800 

.0398 

4,000 

.0435 

4,510 

0 
.0001 
.0001 
.0002 
.0004 
.0008 
.0012 
.0016 
.0022 
.0029 
.0038 
.0052 
.0068 
.0084 
.0104 
.0124 
.0143 
.0162 
.0186 
.0203 
.0228 
.0252 


Initial  load. 


First  crack. 


TJltimate  strf^ngtb. 


•    * 


•  •• 
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TABLE  No.  12— {Continuedi. 
Compression  Tests  of  Concrete  Cubes  Made  of  WayUmd  Cement, 

Mabkb,  88.'. 
Sectional  area,  145.82  square  Inches.    Gauged  length,  6  Inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applikd  Loads. 


I 

1 

c 
H 


In  Gauged 
Lbnoth. 


g 


I 


Remarks. 


14.582 

29  064 

48,596 

68,128 

87  192 

116,266 

145,320 

174,384 

2n3,448 

232,512 

261,576 

290,640 

819,704 

848,768 

877  832 

406.896 

435,960 

466.024 

494.088 

618,000 


14,412 

28,824 
43,236 
67,648 
72,060 
86,472 
100,884 
115.296 
129,708 
144,120 
15R,5S2 
172,944 
187.356 
201,000 
201.766 
216,180 
230,592 
245,004 
259.416 
273,828 
28K,240 
302  652 
817.064 
831.47f5 
345.  K88 
300.800 
374.712 
492,500 


100 

200 

800 

400 

600 

806 

1,000 

1.200 

1,400 

1,060 

1,800 

2,000 

2,200 

2.40f 

2,600 

2,800 

3,060 

8,200 

8,400 

4,253 


0 
.0002 
.0006 
.0009 
.0017 
.0025 
.0037 
.0050 
.0064 
.0086 
.0109 
■0182 
.0157 
.0185 
.6218 
.0242 
.0272 
.0308 
.0338 


0 

0 
.0001 
.0002 
.0003 
.0007 
.0012 
.0017 
.0024 
.0085 
.0047 
.0061 
.0077 
.0094 
.0112 
.0183 
.0155 
.0182 
.0214 


Initial  load. 


First  crack. 


Ultimate  strength. 


Mabk8«  89a.  * 

Sectional  area,  144.12  square  inches.    Gauged  length,  6  inches. 

Initial  load. 


100 

0 

0 

200 

.0004 

.0001 

306 

.0009 

.0003 

400 

.0014 

.0005 

500 

.0020 

.0008 

600 

.0027 

.0011 

700 

.0035 

.0014 

800 

.0043 

.0017 

900 

.0063 

.0023 

1,000 

.0062 

.0028 

1,100 

.6075 

.0035 

1,200 

.0085 

.0041 

1.300 

.0098 

.0049 

'"*m66 

'"'!6i69 

"".6656 

1.600 

.0120 

.0063 

1,600 

.0136 

.0076 

1,700 

.0145 

.0083 

1,800 

.0155 

.0088 

1.900 

.0168 

.0097 

2,000 

.0183 

.0109 

2.100 

.0196 

.0117 

2,200 

.0212 

.0130 

2,.')00 

.0231 

.0144 

2.400 

.0247 

.0155 

2,506 

.0268 

.0172 

2,600 

.0289 

.0187 

8,417 

First  crack. 


Ultimate  strength. 
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TABLE  No.  12— {Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Wayland  Cement. 

Uarkb,  80. 
Sectional  area,  J.44.72  sQuare  inches*    Gauged  length,  5  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 

In  Gaugbd 
Lekoth. 

• 

• 

1 

ads   per 
are  inch. 

• 

a 

h 

• 

■s 

e 

M 

• 

Remarks. 

s 

a  a 

a 

5 

o 

o  sr 

o 

CO 

H 

O 

14.472 

100 

0 

0 

Initial  load. 

28.M4 

aoo 

.0002 

0 

4;{.4I8 

800 

.0005 

.0001 

\ 

57,888 

400 

.0000 

.0001 

811,832 

600 

.0016 

.0004 

' 

115,776 

800 

.0029 

.0008 

141.720 

1,000 

.0035 

.0012 

173, 6«4 

1,200 

.0050 

.0019 

•/0.'.»'g 

1,400 

.0066 

.0027 

231.552 

1,600 

.0089 

.0040 

260.496 

1.800 

.0117 

.0058 

289,440 

2,000 

.0146 

.0079 

818.384 

2.200 

.0176 

.0097 

First  crack. 

347,828 

2.400 

.0208 

.0114 

376,272 

2,600 

.0230 

.0130 

405,216 

2,800 

.0267 

.0147 

' 

434,160 

3.(V0 

.0289 

.0165 

.     487,400 

3,368 



■  •   ••••»• 

Ultimate  strength. 

14.400 

28,800 

43,200 

67.600 

86,4U0 

115,200 

144,000 

172,800 

^01.600 

230,400 

259,200 

^88,000 

816.800 

845,600 

374,400 

403,200 

432,000 

451,000 


14,400 

28,800 

48.200 

67,600 

86,400 

115,200 

144.000 

172,800 

201.600 

230,400 

259.200 

288.000 

316,^00 

845,600 

374,400 

455,600 


V 

Sectional  area,  144.00  square  inches.    Gauged  length,  6  inches. 


Initial  load. 


First  crack. 


Ultimate  strength. 


Sectional 


Gauged  length,  6  inches. 


Initial  load. 


First  crack. 


Ultlmnte  Rtreufftb. 


28 
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TABLE  No.  12— (Continued), 
Compression  Tests  of  Concrete  Cubes  Made  of  Wayland  Cement. 

Mares,  8L 
Sectional  area,  144.60  square  Inches.    Gauged  lengtbp  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 

In  Gauobd 
Lbnoth. 

4 

I 
I 

Pounds    per 
square  inch. 

Compression. 
Inch. 

• 

o 

0 

M 

• 

Remarks. 

u.4eo 

28.020 

43,380 

.'>7,840 

86.760 

115,680 

144.600 

173,620 

202,440 

231.360 

260.280 

289,200 

306,000 


14,486 
28.872 
43.308 
67,744 
72,180 
86,616 
101,052 
115.488 
120,024 
144.360 
158,706 
173,232 
187.668 
202,104 
216,540 
230,076 
245,412 
259.848 
274,284 
288,720 
803,156 
317.502 
332,028 
3(6.464 
360,000 
375.336 
380,772 
401,500 


100 

200 

300 

400 

600 

800 

1,000 

1,200 

1,400 

1.600 

1,800 

2,000 

2,116 


0 
.0002 
.0005 
.0008 
.0017 
.0028 
.0043 
.0062 
.0086 
.0114 
.0152 
.0202 
.0330 


0 

0 
.0001 
.0002 
.0007 
.0013 
.0021 
.0083 
.0040 
.0067 
.0006 
.0138 


Initial  load. 


First  orack. 


Ultimate  strenfrth. 


Marks,  86. 
Sectional  area,  144.36  square  inches.    Gauged  length,  5  Inches. 

Initial  load. 


100 

0 

0 

200 

0002 

.0001 

800 

.0006 

.0002 

400 

.0010 

.0004 

500 

.0015 

.0006 

600 

.0020 

.0008 

700 

.0028 

.0012 

800 

.0035 

.0015 

000 

.0044 

.0021 

1,000 

.0053 

.0026 

1.100 

.0064 

.0033 

1,200 

.0074 

.0089 

],3ro 

.0086 

.0048 

1,400 

.0098 

.0057 

1,500 

.0108 

.0061 

1.600 

.0123 

.0077 

1,700 

.0147 

.0086 

1,800 

.0160 

.0097 

1,000 

.0159 

.0102 

2,000 

.0171 

.0110 

2,100 

.0181 

.0118 

2,200 

.0109 

.0130 

2,300 

.0218 

.0145 

2.400 

.0238 

.0157 

2,500 

.02.^0 

.0166 

2,600 

.0267 

.0174 

2,700 

.0293 

.0180 

2.781 

First  crack. 


ITltimate  strength. 
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TABLE  No.  1^— (Continued). 
Compre89von  Tests  of  Concrete  Cubes  Made  of  WayUmd  Cement, 

Marks,  4L 
Sectional  area,  144.86  square  inches.    Gauged  length,  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


AFPL1BD  Loads. 


a 

9 
t 

-a 

H 


14.436 

28.872 

43.308 

57.744 

86,616 

115.488 

144.360 

173,232 

202.104 

230.976 

259.848 

288.720 

294.100 


14,472 

28.944 

43.416 

67,888 

86.832 

115,776 

144,720 

173.664 

202,608 

231.552 

260.496 

271,000 


14.460 

28.920 

43.380 

67,840 

72.300 

86,760 

101.220 

115.680 

130,140 

144,000 

144.600 

169.060 

173.520 

187.980 

202,440 

254.600 


e  9* 
ft** 


In  Gauged 
Lbnoth. 


a 
o 

Q 


o 

0 


CO 


Remarks. 


100 

200 

300 

400 

600 

80O 

1,000 

1.200 

1,400 

1.600 

1,800 

2,000 

2,037 


0 
.0004 
.0011 
.0020 
.0039 
.0065 
.0096 
.0131 
.0155 
.0183 
.0215 
.0234 


0 
.0001 
.0006 
.0010 
.0022 
.0043 
.0065 
.0092 
.0110 
.0128 
.0147 
.0153 


Initial  load. 


First  crack. 


Ultimate  strength. 


Marks,  82. 


Sectional  area,  144.72  square  Inches.    Gauged  length,  5  inches. 


100 

200 

800 

400 

600 

800 

1,000 

1,200 

1.400 

1.600 

1.800 

1,873 


0 
.0004 
.0010 
.0018 
.0039 
.0070 
.0113 
.0158 
.0210 
.0281 
.0363 


« 
.0002 
.0006 
,0013 
.0024 
.0045 
.0080 
.0112 
.0152 
.0206 
.0262 


Initial  load. 


First  crack. 


Ultimate  strength. 


MARKS,  87. 


Sectional  area,  144.60  square  inches.    Gauged  length,  6  inches. 


100 
200 
800 
400 
500 
600 
700 
800 
900 


0 
.0005 
.0014 
.0033 
.0051 
.0075 
.0095 
.0118 
.0146 


0 
.0003 
.0009 
.0022 
.0036 
.0055 
.0072 
.0091 
.0111 


Initial  load. 


First  crack. 


Ultimate  strength. 


i\ 
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TABLE  No.  12— {Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Wayland  Cement. 

HABKB,  42.' 
Sectional  area,  146.S0  square  inches.    Gauged  length,  5  InehMi. 

[Refer  to  Table  No.  1  for  full  historj  of  blocks.] 


Applied  Loads. 

ly  Gauged 
Lknoth. 

• 

§ 
a 

3 

U 

a 

§1 

■ 

s 

a 

Remarks. 

e 
H 

o  o« 

5 

dS 

14,520 

100 

0 

0 

Initial  load. 

29,040 

200 

.0002 

.0001 

43.660 

300 

.0007 

.0008 

68,080 

400 

.0016 

.0008 

87.120 

600 

.0036 

.0020 

116.160 

80O 

.0064 

.0040 

145.200 

1,000 

.0100 

.0070 

174.240 

1.200 

.0137 

.0097 

First  crack. 

203.280 

1,400 

.0168 

.0119 

232.320 

1,600 

.0208 

.0149 

261.360 

1.800 

.0217 

.0143 

-278,300 

1.917 

.0196 

Ultimate  strength. 

14.412 

28.824 

43.236 

57.648 

72.060 

86.472 

100.884 

116.296 

129.708 

144.120 

158.000 

158.532 

172,944 

187.356 

201.768 

216.180 

246,600 


Marks,  38. 


■"'#        WW- 

Sectional  area,  144.24  square  inches.    Gauged  length,  6  inches. 


14.424 

100 

0 

28.848 

200 

.0007 

43.272 

300 

.0016 

57.696 

400 

.0026 

86.644 

600 

.0066 

116,392 

800 

.0084 

144.240 

1.000 

.0110 

173.088 

1,200 

.0146 

201.936 

1.400 

.0176 

230  784 

1.600 

.0214 

2')9.632 

1.800 

.0266 

282,600 

1.969 

.0317 

0 

.0004 
.Opll 
.0017 
.0038 
.0060 
.0080 
.0106 
.0126 
.0160 
.0177 


Initial  load. 


First  crack. 


Ultimate  strength. 


Marks,  88. 
Sectional  area,  144.12  square  inches.    Gauged  length,  6  inches. 


100 
200 
300 
400 
600 
600 
700 
800 
900 
1.000 


1,100 
1.200 
1.300 
1.400 
1.600 
1,710 


0 
.0006 
.0019 
.0036 
.0066 
.0081 
.0102 
.0136 
.0179 
.0200 


.0233 
.0278 
.0817 
.0374 
.0424 


0 

0004 
.0014 
0027 
0042 
,0066 
0080 
0106 
0143 
0167 

.0181 
.0214 
.0248 

.... 

Initial  load. 


First  crack. 


Ultimate  strength. 
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TABLE  No.  12— {Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Wayland  Cement. 

Marks,  48. 
Sectional  area,  144.72  square  Inches.    Gauged  length,  5  Inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 

In  Gauobd 
Lbmoth. 

• 

• 

1 

a 

-i 

m  preaslon. 
Inch. 

• 

a 
. 

9 

Kemarks. 

o 

o  2* 

3 

Ul 

H 

A<* 

o 

14.472 

100 

•0 

0 

Initift]  load. 

28.944 

200 

.0004 

0 

43.416 

300 

.0020 

.0013 

57.888 

400 

.0089 

.0030 

86,832 

600 

.0078 

.0058 

115,776 

800 

.0126 

.0096 

144,720 

1,000 

.0176 

.0136 

First  crack. 

173,664 

1,200 

.0230 

.0173 

202.608 

1,400 

.0311 

.0229 

212,700 

1,470 

Ultimate  strength. 

14.424 

28.848 

43.272 

57,696 

86.544 

115,392 

144.240 

173,088 

201,936 

230.784 

269,632 

288,480 

817,328 

846,176 

375.024 

403.872 

432.720 

461.568 

470,416 

613,400 


14,400 
28.800 
43.200 
57.600 
86,400 
115.200 
144,000 
172,800 
201.600 
230.400 
259.200 
288,000 
816,800 
846,600 
874,400 
403.200 
432.000 
460,800 
489,600 
618,400 
642.600 


Marks,  44. 

Sectional  area,  144.24  square  Inches.    Gauged  length,  5  inches. 

Initial  load. 


100 

0 

0 

200 

.0001 

0 

300 

.0003 

0 

4C0 

.0005 

0 

600 

.0010 

.0001 

800 

.0016 

.0002 

1,000 

.0024 

.0004 

1,200 

.0035 

.0008 

1,400 

.0048 

.0013 

1,600 

.0067 

.0020 

1,800 

.0088 

.0030 

2,000 

.0108 

.0042 

2,200 

.0130 

.0056 

2.400 

.0147 

.0067 

2,600 

.0163 

.0077 

2,800 

.0181 

.0087 

3,000 

.0206 

.0100 

3,200 

.0228 

.0116 

3.400 

.0241 

.0123 

4,252 

.b 

First  crack. 


Ultimate  strength. 


Marks,  49. 
Sectional  area,  144.00  square  inches.    Gauged  length,  5  inches. 


100 

200 

300 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2.200 

2,400 

2,600 

2,800 

3,000 

8.20O 

8.400 

3,600 

4,462 


0 
.0000 
.0000 
.0001 
.0006 
.0012 
.0020 
.0029 
.0039 
.0051 
.0065 
.0083 
.0104 
.0124 
.0146 
.0170 
.0189 
.0211 
.0236 
.0266 


0 

0 

0 

0 

0 
.0001 
.0002 
.0004 
.0007 
.0011 
.0016 
.0024 
.0034 
.0043 
.0066 
.0068 
.0081 
.0094 
.0111 
.0121 


Initial  load. 


First  crack. 


Ultimate  strength. 
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TABLE  No.  12— {Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Wayland  Cement. 

Marks,  64. 

Sectional  area,  144.00  square  Inchee.    Gauged  length,  5  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applibd  Loads. 

d 

fe    • 

a 

a 

a 

"9  hi 

'3 

§1 

o 

O  O* 

H 

fri  • 

In  Gauged 
Lbnoth. 


14.460 
28,920 
43,380 
67,840 
86,760 
116.680 
144,600 
178.620 
202.440 
231,360 
260,280 
289,200 
818,120 
347.040 
876.960 
404.880 
483.800 
448,260 
462,720 
477,180 
633,000 


a 
6 


Remarks. 


14,400 

100 

28,800 

200 

43,200 

300 

67.600 

400 

86,400 

600 

116.200 

800 

144.000 

1,000 

172,800 

1,200 

201,600 

1.400 

230,400 

1.600 

269,200 

1,800 

288,000 

2.000 

316,800 

2,200 

346.600 

2.400 

374,400 

2,600 

403.200 

2.800 

432,000 

3.000 

460,800 

3.200 

486.600 

3,379 

0 
.0002 
.0006 
.0009 
.0016 
.0022 
.0031 
.0044 
.0068 
.0076 
.0097 
.0119 
.0139 
.0168 
.0202 
.0248 
.0300 
.0397 
.0496 


Initial  load. 


First  crack. 


Ultimate  strength. 


Marks,  46. 


Sectional  area,  144.60  square  inches.    Gauged  length,  6  Inches. 


100 

200 

300 

400 

600 

800 

1,000 

1,200 

1,400 

1.600 

1,800 

2,000 

2.200 

2.400 

2,600 

2,800 

8,000 

8,100 

3,200 

8,300 

3,686 


0 

0 

.0002 

0 

.0006 

.0001 

.0009 

.0002 

.0017 

.0005 

.0026 

.0008 

.0036 

.0012 

.0060 

.0017 

.0068 

.0027 

.0091 

.0039 

.0108 

.0048 

.0136 

.0066 

.0167 

.0081 

.0180 

.0096 

.0207 

.OIU 

.0234 

.0128 

.0266 

.0140 

.0266 

.0144 

.0272 

.0146 

.0278 

.0146 

Initial  load. 


First  crack. 


Ultimate  strength. 
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TABLE  No.  12— (Continued), 
Compression  Tests  of  Concrete  Cubes  Made  of  Wayland  Cement. 

MABK8,  60. 
^ecUpnal  area,  144.24  square  inches.    Gauged  length,  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Appusd  Loads. 

In  Gaugkd 
Length, 

g 

t4 

• 

g 

• 

Remarks. 

1 

.P4 

OD  p 

•og 

i| 

2« 

r 

a 

M 

1 

H 

fti* 

o 

14,424 

100 

0 

0 

Initial  load. 

28,848 

200 

.0001 

0 

43.272 

300 

.0004 

0 

57,696 

400 

.0007 

.0001 

86,544 

600 

.0013 

.0002 

115.393 

800 

.0021 

.0006 

144.240 

1.000 

.0031 

.0010 

178.088 

1,200 

.0042 

.0015 

201,936 

1.400 

.0054 

.0022 

230.784 

1,600 

.0069 

.0081 

259,683 

1.800 

.0085 

.0040 

288.480 

2,000 

.0102 

.0049 

317.328 

2.200 

.0119 

.0059 

446.176 

2.400 

.0130 

.0070 

First  crack. 

875.024 

2.600 

.0140 

.0078 

403,872 

2.800 

.0163 

.0090 

432,720 

8,000 

.0179 

.0113 

461.568 

8.200 

.0217 

.0141 

484.500 

8.359 

Ultimate  strength. 

14,400 

28,800 

43,200 

67,600 

86,400 

115,200 

144,000 

172,800 

201,600 

230,400 

265,000 

259.200 

288,000 

816,800 

246,600 

874.400 

408.200 

433,000 

460,800 

482,600 


14.460 

28,920 

43,880 

67,840 

86J60 

116,680 

144.600 

178.620 

M2.440 

281,860 

260,280 

289,200 

228.600 


MABK8,  66. 
Sectional  area,  144.00  square  inches.    Gauged  length,  6  inches. 

Initial  load. 


100 

0 

0 

200 

.0001 

0 

300 

.0003 

0 

400 

.0006 

0 

600 

.0013 

.0003 

800 

.0024 

.0008 

1.000 

.0037 

.0014 

1.200 

.0063 

.0021 

1.400 

.0076 

.0033 

1,600 

.0100 
*""6i24 

.0046 

1.800 

.0061 

2,000 

.0150 

.0080 

2,200 

.0177 

.0095 

2,400 

.0198 

.0112 

2,600 

.0214 

.0123 

2.800 

.0248 

.0160 

3.000 

.0286 

.0177 

3.200 

.0836 

.0218 

3,361 

First  crack. 


Ultimate  strength. 


Marks,  46. 
Sectional  area,  144.60  square  inches.    Gauged  length,  6  inches. 


100 

200 

300 

400 

600 

800 

1,000  i 

1,200 

1,400 

1.600 

1,800 

2.000 

2,272 


0 
.0003 
.0007 
.0011 
.0022 
.0038 
.0066 
.0083 
.0117 
.0164 
.0208 
.0266 


0 
.0001 
.0002 
.0004 
.0010 
.0020 
.0081 
.0049 
.0074 
.0108 
.0189 
.0190 


Initial  load. 


First  crack. 
Ultimate  strength. 
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TABLE  No.  12— (Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Wayland  Cement, 

MARK8«  61. 
Sectional  area,  144.72  square  inches.    Gauged  length,  5  inches, 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Ai>PLXBD  Loads. 

In  GAuaEP 

LIXGTH. 

» 

* 

pounds. 

U 

a 

• 

g 

• 

a 

M 

Remarks.' 

1 

g3 
|2- 

0.-^ 

■i 

• 

14,472 

100 

0 

0 

Initial  load. 

28,944 

200 

.0008 

.0001 

43.416 

800 

.0009 

.0003 

57.888 

400 

.0016 

.0008 

72,860 

600 

.0024 

.0013 

86.832 

600 

.0033 

.0019 

101,804 

700 

.0046 

.0028 

115,776 

800 

.0068 

.0037 

130,248 

900 

.0072 

.0046 

■ 

144.720 

1,000 

.0088 

.0058 

169. 1»2 

1,100 

.0110 

.0076 

173,664 

1,200 

.0130 

.0090 

188,136 

1,800 

.0155 

.0108 

202.608 

1,400 

.0179 

.0127 

217.080 

1,500 

.0215 

.0157 

231,553 

1,600 

.0244 

.0180 

First  crack. 

246.024 

1,700 

.0276" 

.0203 

260,496 

1.800 

.0814 

.0236 

274.968 

1,900 

.0364 

.0274 

289.440 

2.000 

.0424 

.0320 

303,912 

2.100 

.0494 

.0382 

322.800 

2,230 

Ultimate  strength. 

14,412 

28.824 

43.236 

57,648 

72,060 

86,472 

100,884 

115,296 

129.708 

144.120 

158.532 

170,000 

172,944 

187.356 

201.768 

216,180 

230.592 

245.004 

259.416 

273,828 

288.240 

802.652 

816.200 


Marks,  56. 
Sectional  area,  144.12  square  inches.    Gauged  length,  6  inches. 

Initial  load. 


100 

0 

0 

200 

.0003 

.0001 

800 

.0009 

.0008 

400 

.0014 

.0007 

600 

.0021 

.0011 

600 

.0030 

.0015 

700 

.0041 

.0023 

800 

.0056 

.0033 

900 

.0071 

.0042 

1,000 

.0087 

.0054 

1,100 

.0107 
"""!6i26 

.0070 

1.200 

.0085 

1.800 

.0146 

.0098 

1.400 

.0168 

.0116 

1,600 

.0189 

.0130 

1,600 

.0208 

.0143 

1,700 

.0229 

.0159 

1.800 

.0252 

.0174 

1,900 

.0280 

.0193 

2,000 

.0315 

.0214 

2,100 

.0365 

.0243 

2.187 

First  crack. 


Ultimate  strength. 
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TABLE  No.  12— {Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Wayland  Cement, 

Marks,  47. 
Sectional  area,  144.60  square  Inches.    Gauged  length,  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Appubd  Loads. 

In  Gauged 
Lbmgth. 

, 

• 

1 

u 

• 

g 

• 

Remarks. 

1 
1 

^ 

3^ 
go 

1 

a 

M 

i 

14.460 

100 

0 

0 

Initial  load. 

28.920 

200 

.0006 

.0008 

43,380 

300 

.0014 

.0007 

57.840 

400 

.0024 

.0013 

86.760 

600 

.0046 

.0026 

115.680 

800 

.0068 

.0041 

• 

144.600 

1,000 

.0096 

.0067 

178,520 

1,200 

.0128 

.0083 

202,440 

1.400 

.0170 

.OUl 

First  crack. 

^1.360 

1.600 

.0217 

.0145 

^60,280 

1.800 

.0237 

271.800 

1.880 

••"••••■• 

Ultimate  strength. 

14.496 

28,992 

43.488 

57.984 

86.976 

116.968 

144.960 

173.952 

190.000 

202.944 

231.936 

258.200 


14.496 

28.992 

43.488 

57.984 

86,976 

115,968 

144.960 

173.952 

202.944 

231.936 

260.928 

271,000 


14.412 

28,824 

48,286 

57.648 

86.472 

116.296 

141.120 

172.944 

201,768 

264.000 


Markb,  52. 
Sectional  area,  144.96  square  inches.    Gauged  length,  5  inches. 


100 
200 
300 
400 
600 
800 
1,000 
1.200 


1.400 
1.600 
1.781 


0 
.0008 

.0018 
.0082 
.0064 
.0101 
.0144 
.0196 

".0267 
.0338 


0 
.0004 
.0012 
.0022 
.0047 
.0073 
.0106 
.0145 

.'0194 
.0264 


Initial  load. 


First  crack. 


Ultimate  strength. 


Marks,  57. 
Sectional  area,  144.96  square  inches.     Gauged  length.  5  inches. 

Initial  load. 


100 

0 

0 

200 

.0005 

.0003 

300 

.0014 

.0009 

400 

.0021 

.0013 

600 

.0049 

.0033 

800 

.0086 

.0060 

1,000 

.0128 

.0093 

1,200 

.0169 

.0124 

1.400 

.0212 

.0156 

1.600 

.0272 

.0200 

1.800 

.0322 

.0225 

1,869 

First  crack. 


Ultimate  strength. 


Marks,  48. 
Sectional  area,  144.12  square  inches.    Gauged  length,  5  inches. 


100 

200 

300 

400 

600 

800 

1,000 

1,200 

1,400 

1,882 


0 
.0005 
.0014 
.0026 
.0057 
.0098 
.0137 
.0200 
.0282 


0 

.0002 
.0008 
.OOIS 
.0039 
.OO'S 
.00^8 
.0147 
.0212 


Initial  load. 


First  crack. 
Ultimate  strength. 
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TABLE  No.  12— iCoftcluded). 
Compression  Tests  of  Concrete  Cubes  Made  of  Wayland  Cement. 

Marks,  68. 
Sectional  area,  144.84  square  Inches.    Gauged  length,  6  Inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.]  • 


Appukd  Lojlim. 

In  Gauoid 
Lbnqth. 

tal  pounds. 

• 

U 

a 

a 
S 

1^ 

• 

. 
•** 

9 

Remarks. 

o 

o  a* 

o 

QQ 

H 

fti« 

o 

14,484 

100 

0 

0 

Initial  load. 

28.968 

200 

.0007 

.0004 

4 

43,462 

300 

.0016 

.0011 

67.936 

400 

.0028 

.0018 

86.904 

60O 

.0062 

.0042 

115.872 

.800 

.0100 

.0072 

First  crack. 

144.840 

1,000 

.0147 

.0106 

178.808 

1,200 

.0198 

.0147 

202.776 

1.400 

.0260 

.0191 

231.744 

1,600 

.0346 

.0246 

236.200 

1.631 

.0367 

Ultimate  strength. 

Marks,  68. 
Sectional  area,  144.12  square  inches.    Gauged  length,  6  inches. 

Initial  load. 


14.412 

100 

0 

0 

28.824 

200 

.0009 

.0006 

43.236 

800 

.0021 

.0015 

67,648 

400 

.0039 

.0028 

86,472 

600 

.0082 

.0063 

115.296 

800 

.0133 

.0103 

144,120 

1.000 

.0191 

.0148 

169,000 

172.944 

1.200 

.0267 

.0208 

201.768 

1,400 

.0367 

.0289 

230.692 

1,600 

.0471 

.0180 

246.700 

1,706 

.0624 

First  crack. 


Ultimate  strength. 
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TABLE  No.  13. 
Compression  Tests  of  Concrete  Cubes  Made  of  Ironclad  Cement. 

i  MabkBp  68. 

Sectional  area.  144.48  square  Inches.    Gauged  length,  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 


0 

s. 

3 

e 
H 


14,448 

28,896 

43,344 

57,792 

86,688 

115,584 

144,480 

173,376 

202.272 

231,168 

260.064 

288,960 

317,856 

346,752 

375,648 

404,544 

433.440 

462,336 

474.300 


14,448 
28,896 
43,344 
67,792 
72.240 
86,688 
101,136 
116.584 
130.062 
141,480 
168,928 
173,376 
187,824 
202,272 
216.720 
281,168 
246,610 
260,004 
270.000 
274.612 
288,960 
308,408 
817,866 
882.804 
846,762 
Ml,200 
416.800 


s. 


O 

a 


a  c8 


In  Gauobd 
Lknqth. 


I 

u 

B 

5 


^ 


Remarks. 


100 

200 

300 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2.200 

2,400 

2,600 

2.800 

3,000 

3,200 

3.288 


0 
.0001 
.0004 
.0007 
.0013 
.0021 
.0029 
.0041 
.0058 
.0077 
.0102 
.0124 
.0151 
.0183 
.0230 
.0265 
.0326 
.0430 


0 

0 
.0001 
.0001 
.0003 
,.0006 
.0010 
.0016 
.0024 
.0035 
.0053 
.0066 
.0085 
.0107 
.0142 
.0163 
.0207 
.0324 


Initial  load. 


First  crack. 


Ultimate  strength. 


Marks,  eSL 

Sectional  area.  144.48  square  inches.     Gauged  length.  6  inches. 

Initial  load. 


100 

0 

0 

200 

.0001 

0 

800 

.0003. 

0 

400 

.0006 

.0001 

600 

.0009 

.0002 

600 

.0012 

.0003 

700 

.0014 

.0004 

800 

.0018 

.0006 

900 

.0023 

.0008 

1,000 

.0028 

.0010 

1,100 

.0036 

.0012 

1,200 

.0041 

.0015 

1.800 

.0062 

.0020 

1,400 

.0064 

.0027 

1.600 

.0077 

.0086 

1,600 

.0091 

.0043 

1.700 

.0106 

.0063 

1,800 

.0128 

.0069 

■  •  •  •  • 

1.900 

.0146 

.0081 

2.000 

.0166 

.0095 

2,100 

.0191 

.0114 

2.200 

.0211 

.0128 

2,800 

.0240 

.0148 

2.400 

.0269 

.0170 

2,600 

.0809 

.0800 

8,881 

First  crack. 


Ultimate  strength. 
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TABLE  No.  IZ— {Continued). 
€ompre88ion  Tests  of  Concrete  Cubes  Made  of  Iron-Clad  Cement. 

Mabkb,  $2a. 
Sectional  area,  144.48  square  lnche8.    Gauged  length,  5  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applebd  Loads. 

In  Gauobd 
Lenotb. 

• 
•o 

p 

u 

• 

g 

• 

Remarks. 

3 

a 

1-^ 
1^ 

i 

o 

e  o* 

0 

CO 

H 

Pu- 

^ 

14.448 

100 

0 

0 

Initial  load. 

28,896 

200 

.0002 

0 

43,844 

300 

.0005 

.000 

1 

57,792 

400 

.0009 

.000 

2 

72,240 

500 

.0016 

.000 

6 

86,688 

600 

.0023 

.000 

8 

101,136 

700 

.0032 

.001 

4 

115.684 

800 

.0043 

.002 

2 

130,032 

900 

.0056 

.003 

0 

144,480 

1,000 

.0068 

.003 

8 

158.928 

1,100 

.0081 

.004 

6 

173.376 

1,200 

.0093 

.005 

5 

187,824 

1,300 

.0106 

.006 

3 

201,000 

.     First  crack. 

202.272 

""'i',466 

""!6i26 

""!607 

3 

216.720 

1.500 

.0134 

.008 

5 

14.448 

100 

.008 

8     After  2  minutes. 

28,896 

200 

'■".'0O88 

43.344 

300 

.0092 

••••••• 

57.792 

400 

.0097 

72.240 

500 

.0101 

, 

86.688 

600 

.0105 

101,136 

700 

.0109 

115.584 

800 

.0112 

130.032 

900 

.0116 

144,480 

1,000 

.0119 

130.032 

900 

.0117 

115.584 

800 

.0115 

101.136 

700 

.0113 

86.688 

600 

.0111 

72,240 

500 

.0108 

67,792 

400 

.0104 

••••••• 

43.344 

300 

.0100 

28,896 

200 

.0094 

14.448 

100 
100 

.008 
.008 

6 

5     After  5  minutes. 

231 ! 168 

1,600 

*'".'oi47 

.009 

4 

245.616 

1.700 

.0155 

.009 

9 

260.064 

1.800 

.0163 

.010 

3 

274.512 

1,900 

.0178 

.010 

9 

288.960 

2,000 

.0191 

.011 

7 

:327.2()0 

2.265 

. 

Ultimate  strength. 
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TABLE  No.  IS— (Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Irqn-Clad  Cement, 

Marks,  6S. 
Sectional  area,  144.12  square  Incbes.    Gauged  lengthy  6  inches. 

[Refer  to  Table  No.  1  for  full  blstory  of  blocks.] 


Applied  Loads. 

Ik  Gauobd  ' 
Length. 

• 

• 

§ 

Remarks. 

1 

3 

(3  4 

a  9 

•      • 
1^ 

A 

g 

£sr 

5 

14,413 

100 

0 

0 

Initial  load. 

28.824 

200 

.0001 

0 

43.236 

300 

.0002 

0 

K7.648 

400 

.0004 

0 

86.472 

600 

.0009 

.0001 

116.296 

800 

.0016 

.0004 

144.120 

1.000 

.0023 

.0007 

172.944 

1.200 

.0088 

.0016 

201.768 

1,400 

.0066 

.0023 

280.682 

1,600 

.0078 

.0037 

269.416 

1.800 

.0110 

.0060 

288.240 

2.000 

.0161 

.0089 

First  crack. 

317.064 

2,200 

.0194 

.0119 

346.888 

2.400 

.0247 

.0161 

374.712 

2,600 

.0362 

.0262 

403.636 

2.800 

.0480 

.0348 

429,400 

2,979 

•  •••••••• 

Ultimate  strength. 

14,632 

29.064 

43.696 

68.128 

87,192 

116.266 

146.320 

174.384 

202.000 

203,448 

270.800 


14.668 

29.136 

43.704 

68.272 

87.408 

116.644 

145.680 

172.000 

174.816 

203.952 

233.088 

291.500 


Marks,  m. 
Sectional  area,  146.32  square  inches.    Gauged  length,  6  inches. 


100 
20O 
300 
400 
600 
800 
1.000 
1.200 


1.400 
1,863 


.0310 


0 

0 

.0000 

0 

.0004 

.0001 

.0012 

.0006 

.0036 

.oon 

.0049 

.0073 

.0136 

.0099 

.0207 

.0168 

.0249 


Initial  load. 


First  crack. 
Ultimate  strength. 


Marks,  68. 


Sectional  area,  146.68  square  inches.    Gauged  length,  6  inches. 


100 

0 

0 

200 

.0001 

0 

300 

.0003 

0 

400 

.0008 

.0001 

600 

.0022 

.0009 

800 

.0061 

.0026 

1.000 

.0106 
**"!6i83 

.0069 

1.200 

.0139 

1.400 

.0320 

.0250 

1.600 

.0510 

.0394 

2.001 

Initial  load. 


First  crack. 


Ultimate  strength. 
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TABLE  No.  l^—{Contirmed). 
Compression  Tents  of  Concrete  Cubes  Made  of  Iron  Clad  Cement. 

Marks,  66. 
Sectional  area,  145.66  square  inches.    Oauged  length,  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 

In  Gauokd 
Length. 

• 
OD 

a 

0 

& 

i 

U 

a 
©2* 

1- 

• 

i 

Remarks. 

• 

14.556 

29,112 

43,668 

58.224 

72.780 

87.336 

101.892 

116.448 

131.004 

145,560 

160.116 

174.672 

189.228 

203,784 

218,340 

100 

200 

800 

400 

600 

600 

700 

800 

900 

1.000 

1.100 

1.200 

1,300 

1,400 

1.600 

0 
.0002 
.0006 
.0012 
.0020 
.0033 
.0061 
.0071 
.0096 
.0126 
.0166 
.0210 
.0251 
.0305 
.0360 

""'.'0274 
.0292 
.0308 
.0320 
.0381 
.0341 
.0356 
.0364 
.0349 
.0343 
.0336 
.0324 
.0306 

0 
0 

.0002 
.0006 
.OOU 
.0018 
.0032 
.0045 
.0066 
.0089 
.0128 
.0169 
.0191 
.0235 
.0270 
.0266 

Initial  load. 

First  crack. 
After  Vk  mlnnte* 

29.112 

200 

400 

600 

800 

l.OOO 

1,200 

1,400 

1.200 

1.000 

800 

600' 

400 

200 

""i,m 

68.224 

• 

87.336 

116.448 

145.560 

174.672 

203  784 

174.672 
145.560 

116.448 

87  336 

68,224 
29.112 

"";6284 
.0282 

After  VL  minute. 

279.300 

Ultimate  strength; 

Marks,  61. 
Sectional  area,  146.80  square  Inches.    Oauged  length,  6  inches. 


14.680 

100 

0 

0 

Initial  load. 

29.160 

200 

.0013 

.0010 

43,740 

300 

.0032 

.0026 

58,320 

400 

.0051 

.0041 

87,480 

600 

.0099 

.0080 

116.640 

800 

.0157 

.0128 

146,800 

1.000 

.0221 

.0181 

First  crack. 

174.960 

1,200 

.0282 

.0231 

204.120 

1,400 

.0365 

.0297 

232.200 

1.693 

Ultimate  str 
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TABLE  No.  IS— (Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Iron-Clad  Cement. 

MAXlKBy  64. 
Sectional  area,  144.48  square  inches.    Gauged  length,  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Appltbd  Loads. 

'  In  Gau«ID 
Lbmgth. 

' 

* 

h* 

s 

a 
n4 

1 

0 

Benuu'ks. 

a 

il 

U 

• 

c 

ll 

a 

1 

H 

A<* 

O 

•V,'*' 

14.448 

100 

0 

0 

Initial  load. 

28,886 

200 

.0006 

.0004 

43.344 

800 

.0013 

.0009 

57,792 

400 

.0025 

.0016 

72.240 

500 

.0038 

.0028 

86,688 

600 

.0056 

.0040 
.0059 

101,136 

700 

.0078 

115.584 

800 

.0100 

.0075 

130.032 

900 

.0126 

.0097 

144,480 

1,000 

.0160 

.0123 

168,920 

1,100 

.0194 

.0150 

173,376 

1,200 

.0225 

.0174 

187,824 

1.800 

.0273 

.0212 

202.272 

1,400 

.0318 

.0248 

216,720 

1,500 

.0389 

.0310 

First  crack. 

231.168 

1,600 

.0473 

.0379 

261,300 

1.809 

Ultimate  strength. 

14,520 

29.040 

43,560 

58.080 

87,120 

116.160 

145.200 

172,000 

174.240 

203.280 

232,320 

267,300 


14,460 

28.920 

48,880 

67,840 

72,300 

86,760 

101,220 

116,680 

130.140 

144,600 

204.700 


Marks,  67. 
Sectional  area,  145.20  square  inches.    Gauged  length,  6  inches. 


100 
200 
800 
400 
600 
800 
1,000 


1.200 
1,400 
1,600 
1,841 


0 
.0005 
.0012 
.0020 
.0050 
.0090 
.0144 


0 
.0002 
.0008 
.0014 
.0035 
.0066 
.0110 


Initial  load. 


First  crack. 


Ultimate  strength. 


Marks,  67a. 
Sectional  area,  144.60  square  inches.    Gauged  length,  6  inches. 


100 
200 
800 
400 
600 
600 
700 
800 
900 
1.000 
1,416 


0 

0 

.0010 

.0006 

.0026 

.0019 

.0048 

.0037 

.0077 

.0061 

.OIU 

.0088 

.0148 

.0119 

.0188 

.0152 

.0281 

.0188 

.0278 

.0228 

Initial  load. 


First  crack. 


Ultimate  stren^^th. 
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TABLE  No.  l^— (Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Iron-Clad  Cement. 

Marks,  68. 
Sectional  area,  144.60  square  inclieSb    Oauged  length,  6  Inches. 

[Refer  to  Tahle  No.  1  for  full  history  of  blocks.] 


Applibd  Loads. 


i 


o 
H 


14.460 
28.920 
43.380 
67,840 
86.760 

iir),6»o 

144.600 
173,520 
202.440 
231,360 
260.280 
289.200 
318.120 
347,040 
875.960 
404,880 
438.800 
462.720 
491.640 
520.560 
549.480 
578,400 


14,424 

28,848 

43,272 

57,696 

86.544 

115,392 

144.240 

173.088 

201,936 

230.784 

259.632 

288.480 

317.328 

346.176 

375,024 

403.872 

432.720 

461.668 

490.416 

519.264 


iA 


m  9 

a 
e 


a 


In  Gauokd 
Lbnqth. 


a 

« 


6 


100 

200 

300 

400 

600 

800 

1,000 

1.200 

1.400 

1.600 

1.800 

2,000 

2.200 

2,400 

2.600 

2.800 

3,000 

3.200 

3,400 

8.600 

3.800 

4,000 


• 

1 

u 

>.d 

s 

f 

IH 

.-4 

1 

*» 

1 
> 
> 

s^ 

0 

0 

0001 

0 

0002 

0 

0004 

0 

0008 

0 

0012 

.0001 

0017 

.0002 

0023 

.0006 

0030 

.0007 

0038 

.0011 

0O46 

.0013 

0057 

.0017 

0066 

.0021 

0078 

.0026 

0090 

.0032 

0105 

.0040 

0124 

.0050 

0146 

.0064 

0170 

.0078 

0213 

.0104 

0270 

.0141 

0450 

.0253 

Remarks 


Initial  load. 


First  crack. 


Ultimate  strength. 


Marks,  71. 


Sectional  area,  144.24  square  inches.    Oauged  length,  5  inches. 


100 

200 

300 

400 

600 

800 

1.000 

1.2r0 

1,400 

1.600 

1.8(10 

2,000 

2.200 

2,400 

2.600 

2.800 

3.000 

3.200 

3.400 

3.600 


0 

.0001 
.0002 
.0004 
.0008 
.0013 
.0018 
.0024 
.0031 
.0040 
.0048 
.0058 

.oor,8 

.0080 
.0091 
.0104 
.0121 
.0143 
.0174 
.0209 


0 

0 

0 

0 
.0001 
.0001 
.0003 
.0005 
.0007 
.0011 
.0()14 
.0018 
.0022 
.0028 
.0033 
.0041 
.0048 
.0060 
.0078 
.0096 


Initial  load. 


First  crack. 


Ultimate  strength. 
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TABLE  No.  1^— {Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Iron-Clad  Cement. 

MARKS,  74. 
Sectional  area,  144.60  square  Inches.    Gauged  lengthy  S  Inches. 

[Refer  to  Table  No.  1  for  full  histonr  of  blocks.] 


Applied  Loads. 


& 
I 

H 


14,460 

28.920 

43.380 

57,840 

86.760 

115.680 

144.600 

173.520 

202.440 

281.360 

260.280 

289.200 

818.120 

347,040 

375.960 

404.880 

433.800 

496.800 


14.424 

28.848 

43.272 

67.696 

86.544 

115.392 

144.240 

173.088 

201.986 

230.784 

259,632 

288,480 

313,000 


14.472 

28.944 

43.416 

57,888 

86,832 

115,776 

144.720 

173,664 

202.608 

231.552 

245,000 

260,496 

289,440 

818,384 


In  Gauoid 
Lbnqth. 


I 


a 
5 


ja 
o 


£ 


Remarks. 


100 

200 

300 

400 

600 

800 

1.000 

1.200 

1.400 

1.600 

1.800 

2.000 

2.20O 

2.400 

2.600 

2,800 

8. COO 

8.436 


0 
.0000 
.0001 
.0003 
.0008 
.0014 
.0020 
.0029 
.0037 
.0049 
.0062 
.0082 
.0107 
.0130 
.0166 
.0200 
.0249 


0 

0 

0 

0 

0 
.0001 
.0004 
.0007 
.0011 
.0015 
.0021 
.0032 
.0046 
.0061 
.0083 
.0105 
.0139 


IniUal  load. 


Flirst  crack. 


Ultimate  strength. 


Maiuls,  68. 


Sectional  area,  144.24  square  inches.    Gauged  length,  6  Inches. 


100 

200 

300 

400 

600 

800 

1.000 

1.200 

1.400 

1.600 

1.800 

2.000 

2.170 


0 

.0002 
.0007 
.0012 
.0022 
.0038 
.0060 
.0093 
.0)33 
.0186 
.0258 
.0362 


0 
0 

.0001 
.0003 
.0010 
.0018 
.0033 
.0057 
.0091 
.0127 
.0189 
.0278 


Initial  load. 


Flrct  crack. 
Ultimate  strength. 


Marks,  7S. 


Sectional  area,  144.72  square  inches.    Gauged  length,  5  inches. 


100 

aoo 

800 

400 

600 

800 

1.000 

1,200 

1,400 

1.600 


0 
.0003 
.0008 
.0013 
.0026 
.0043 
.0064 
.0091 
.0118 
.0147 


0 
.0001 
.0003 
.0006 
.0013 
.0025 
.0040 
.0058 
.0077 
.0097 


Initial  load. 


First  crack. 


Ultimate  strength. 


After  determining  the  set  the  specimen  failed 
while  reapplying  the  load,  the  highest  load 
then  reached  being  310,000  lbs. 


2\Y 
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TABLE  No.  1^— {Continued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Iron-Clad  Cement. 

Mabkb,  76. 
Sectional  area,  144.96  square  Inches.    Gauged  length,  6  Inchea. 

[Refer  to  Table  No.  1  for  full  histnry  of  blocks.] 


Appubd  Loads. 

Jn  Gauobd 
Length. 

• 

• 
c 

1 

3 

Poonda    per 
square  ioch. 

Compremion. 
Id  eh. 

• 

o 

Remarks. 

14,496 

100 

0 

0 

Initial  load. 

28.992 

200 

.0002 

0 

43,488 

300 

.0005 

.0001 

67,984 

400 

.0010 

.0003 

86.976 

600 

.0019 

.0009 

116,968 

800 

.0037 

.0019 

144.960 

1,000 

.0061 

.0035 

173.952 

1.200 

.0088 

.0054 

202.944 

1.400 

.0115 

.0074 

231.936 

1.600 

.0149 

.0099 

260,928 

1.800 

.0185 

.0125 

First  crack. 

289,920 

2.000 

.0230 

.0160 

818,912 

2,200 

.0285 

.0204 

347.904 

2.400 

.0381 

.0283 

866,000 

2,618 

Ultimate  strength. 

14.606 

29.210 

43.815 

68,420 

87.630 

116.840 

146.050 

175.260 

203.000 

204.470 

262. S90 

297.000 


14.556 

29.112 

43.668 

68.224 

87.336 

116,448 

145.560 

174.672 

203.784 

232,896 

269.800 


MaBKB,  70. 
Sectional  area,  146.06  square  inches.    Gauged  length,  5  inches. 


100 
200 
300 
400 
600 
800 
1,000 
1.200 


1.400 
1,800 
2.034 


0 
.0002 

.0007 
.0013 
.0030 
.0052 
.0080 
.0115 


0 

0 
.0002 
.0006 

.0017 
.0034 
.0053 
.0080 


Initial  load. 


First  crack. 


Ultimate  strength. 


MABK8,  78. 


Sectional  area,  146.66  square  inches.    Gauged  length,  6  inches. 


100 

200 

300 

400 

600 

800 

1.000 

1,200 

1,400 

1,600 

1.864 


0 
.0003 
.0007 
.0012 
.0026 
.0045 
.0075 
.0117 
.0172 
.0240 


0 
.0001 
.0002 
.0004 
.0012 
.0024 
.0044 
.0074 
.0116 
.0169 


Initial  load. 


First  crack. 
Ultimate  strength. 


J 
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TABLE  No.  IZ— (Concluded). 
Compression  Tests  of  Concrete  Cubes  Made  of  Iron-Clad  Cement. 

ICABK8,  78. 

Sectional  area,  145.68  square  Inches.    Qauged  length,  6  Inches. 
[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 

If  Gauged 
Length. 

• 

s 

i 

s 

is* 

0.  • 

• 

§ 

•a  • 

s 
6 

■ 

a 

M 

i 

Remarks. 

14,568 

29,136 

43,704 

58,272 

87,408 

116,544 

145.680 

174,816 

178,000 

100 
200 
300 
400 
600 
800 
1.000 
1,200 

""iiioo 

1,752 

0 
.0005 
.0012 
.0022 
.0048 
.0087 
.0135 
.0205 

0 
.0001 
.0007 
.0013 
.0033 
.0062 
.0100 
.0157 

*"*.*0223 

Initial  load. 

First  crack. 
Ultimate  strength. 

206,952 
266,200 

.0285 

484 
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TABLE  No.  14. 
Compression  Testa  of  Concrete  Cubes  Made  of  Empire  Cement. 

MlKyn,  77. 
Sectional  area,  146.44  square  Inches.    Gaui^  length,  6  Inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Appusd  Loads. 


n 

0 

& 

■a 

o 
H 


14,544 
29.088 
43,632 
68.176 
87,264 
116,362 
146.440 
174,628 
203.616 
232.704 
261,792 
290,880 
319.968 
849,056 
878,144 
407.282 
486,320 
465,406 
494.496 
623,584 
552.672 
5S1.760 
610.600 


14.424 

28,848 

43.236 

57.648 

86.472 

116.296 

144.120 

172,944 

201,768 

230,692 

269.416 

288.240 

817.064 

345.888 

874.712 

427.600 


& 


100 

200 

300 

400 

600 

800 

1,000 

1.200 

1.400 

1,600 

1,800 

2,000 

2.200 

2,400 

2,600 

2.800 

3,000 

3,200 

3,400 

3.600 

8.800 

4.000 

4,198 


In  Gauobd 

LXKOTH. 


a 
o 

*a  • 


I 


a 


^ 

i^ 


Bemarks. 


0 
.0003. 
.0006 
.0009 
.0013 
.0020 
.0026 
.0033 
.0042 
.0061 
.0062 
.0072 
.0085 
.0097 
.0109 
.0127 
.0146 
.0168 
.0192 
.0220 
.0264 
.0300 


0 
.0001 
.0002 
.0003 
.0004 
.0006 
.0008 
.0010 
.0014 
.0018 
.0023 
.0025 
.0082 
.0037 
.0042 
.0060 
.0060 
.0072 
.0088 
.0106 
.0125 
.0150 


InlUal  load. 


First  crack. 


Ultimate  strength. 


80. 


Sectional  area,  144.24  square  inches.  -Gauged  length,  5  inchea. 


100 

200 

300 

400 

600 

800 

1.000 

1,200 

1.400 

1.600 

1.800 

2,000 

2.200 

2.400 

2.600 

2.964 


0 
.0001 
.0002 
.0006 
.0012 
.0020 
.0031 
.0043 
.0061 
.0084 
.0110 
.0134 
.0172 
.0209 
.0260 


0 

0 

0 

0 
.0001 
.0006 
.0012 
.0019 
.0030 
.0045 
.0062 
.0078 
.0104 
.0131 
.0170 


Initial  load. 


Ultimate  strength. 
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TABLE  No.  14r-^Contin/ued). 
Compression  Tests  of  Concrete  Cubes  Mude  of  Empire  Cement. 

Mabsb,  8S. 
Sectional  area,  144.60  square  Inches.    Oau«ed  lengtli*  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applibd  Loads. 


a 

9 

I 


14,460 

28.920 

43.880 

57.840 

86.760 

115.680 

144.600 

173,620 

:202.44Q 

281,360 

260.280 

289.200 

^18,120 

547,040 

373.960 

404.880 

433.800 

462.720 

491,640 


14.508 

29.016 

43,524 

58.032 

87.048 

116,064 

146.080 

174,096 

60.778 

14.506 

103.112 

232.128 

261,144 

290,160 

319.176 

348.192 

-377.208 

:899,600 


14.532 

29.064 

43.596 

58,128 

87.192 

116.256 

145,820 

174,884 

282.512 
261,676 
-290.640 
219,704 
344,800 


1^- 


a 

0 
A4« 


Ik  Gauged 
Lbmoth. 


§ 


2 


o 

a 


I 


•§ 


4l 


Remarkn. 


100 

200 

800 

400 

600 

800 

1,000 

1.200 

1.400 

1,600 

1.800 

2,000 

2,200 

2,'iOO 

2,600 

2.800 

3.000 

3.200 

3.400 


0 
.0000 
.0001 
.0003 
.0008 
.0014 
.0021 
.0031 
.0043 
.0062 
.0084 
.0115 
.0148 
.0177 
.0213 
.0246 
.0285 
.0340 
.0520 


0 

0 

0 

0 
.0001 
.0002 
.0004 
.0009 
.0014 
.0024 
.0037 
.00o8 
.0080 
.0099 
.0125 
.0146 
.0172 
.0210 
.0338 


Initial  load. 


First  crack. 


Ultimate  strength. 


MABK8,  78. 


Sectional  area,  146.08  square  inches.    Gauged  length,  6  inches. 

Initial  load. 


100 

0 

0 

200 

0 

0 

300 

.0002 

0 

400 

.0004 

0 

600 

.0009 

.0001 

800 

.0015 

.0003 

l.OOO 

.0025 

.0009 

1.200 

.0035 

.0012 

350 

lOO 

.0014 

1.400 

.0049 

.0022 

1,600 

.0070 

.0034 

1,800 

.0095 

.0050 

2.000 

.0129 

.0074 

2,200 

.0183 

.0116 

2,400 

.0261 

.0180 

2.600 

.0372 

.0266 

2,754 

Rested  under  this  load  16  hours. 
Set  after  above  rest. 


First  crack. 


Ultimate  strength. 


Sectional  area,  145.32  square  inches.    Gauged  length,  6  Inchea. 


100 

200 

300 

400 

600 

800 

1.000 

1.200 

1,400 

1.600 

1.800 

2,000 

2,200 

2,878 


0 
.0001 
.0005 
.0009 
.0023 
.0046 
.0082 
.0121 
.0166 
.0215 
.0271 
.0344 
.0436 


0 

0 
.0001 
.0008 
.OOU 
.0026 
.0061 
.0082 
.0114 
.0U2 
.0195 
.0250 
.0828 


Initial  load. 


First  crack. 


Ultimate  strength. 
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TABLE  No.  14— (OwtifMierf). 
Compression  Tests  of  Concrete  Cubes  Made  of  Empire  Cement. 

Sectional  area,  144.  bO  square  Incbea. 
[Refer  to  Table  No.  1  for  fall  IilBtory  of  blocks.] 


Appubd  Loads. 

In  Gauobd 
Lbnoth. 

• 

■ 

r 

u 

a 

11 

• 

Benmrks. 

•2 

"Sa 

• 

(8 

gl 

§ 

1 

H 

A<- 

^ 

14,460 

100 

0 

0 

Initial  load. 

28,920 

200 

.0002 

0 

43.380 

300 

.0007 

.0002 

67.840 

400 

.0013 

.0004 

86,760 

600 

.0030 

.0015 

115,680 

800 

.0068 

.0036 

144.600 

1.000 

.0098 

.0066 

173.520 

1.200 

.0141 

.0102 

202.440 

1.400 

.0195 

.0141 

212.000 

First  crack. 

231.360 

i.6o6 

.mi 

.0203 

260.280 

1.800 

.0351 

.0272 

289,200 

2,000 

.0467 

.0363 

326,000 

2,264 

Ultimate  strength. 

14.5C8 

29.186 

43,704 

68,272 

87.408 

116,644 

146.680 

174,816 

908,962 

S38.088 

262.224 

270.300 


79. 

Sectional  area,  144.84  square  inches.    Oauged  length,  6  inches. 


14.484 

100 

28.968 

200 

43.452 

300 

57.936 

400 

86,904 

600 

116,872 

800 

144.840 

1.000 

173.808 

1,200 

202,776 

1,400 

281,744 

1,600 

260.712 

1,800 

286.600 

1,971 

0 
.0006 
.0011 
.0020 
.0040 
.0070 
.0097 
.0138 
.0195 
.0269 
.0329 


0 
.0002 
.0006 
.0011 
.0026 
.0046 
.0064 
.0094 
.0140 
.0196 
.0322 


IniUal  load. 


First  crack. 


Ultimate  strength. 


Sectional 

100 

200 

800 

400 

600 

800 
1,000 
1,200 
1,400 
1.600 
1,800 
1.866 


1CAKK8,  82. 
area,  146.68  square  inohea.    Qauged  length,  6  Inches. 

Initial  load. 


0 

0 

.0008 

.0006 

.0019 

.0012 

.0029 

.0020 

.0069 

.0041 

.0101 

.0076 

.0146 

.0108 

.0207 

.0159 

.0277 

.0212 

.0367 

.0276 

.0493 

.0387 

First  crack. 


Ultimate  strength. 
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TABLE  No.  14r--{C<mtinu€d). 
Compression  Tests  of  Concrete  Cubes  Made  of  Empire  Cement. 

Marks,  82c 
Sectional  area,  146.17  square  inches.    Gauged  length.  5  inches. 

[Refer  to  Table  Now  1  for  full  history  of  blocks.] 


Applied  Loads. 


•9 

0 

P 
A 

-a 
t 


u 

a 

Is 


In  Gauoid 
Lbhoth. 


a 
o 

r 


Remarks. 


14,617 

29,234 

43,851 

68.468 

73,085 

87,702 

102,319 

116.936 

131,663 

146,170 

160,787 

175,404 

190,021 


204,638 
219.256 
223,600 


100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 


1,400 
1,500 
1,530 


0 
.0010 
.0022 
.0038 
.0062 
.0090 
.0125 
.0156 
.0191 
.0225 
.0250 
.0273 
.0263 


.0273 
.0290 


0 

.0007 
.0016 
.0030 
.0046 
.0073 
.0100 
.0124 
.0153 
.0179 
.0195 
.0211 
.0190 


.0177 
.0170 


First  crack. 


Apparent  compression  nearly  reached  .03000"» 
when  the  micrometer  reversed  its  movement 
and  returned  to  .0263". 


Ultimate  strength. 

Erratic  movement  of  the  micrometer  during  the 
final  stages  of  the  test^  attributed  to  local 
yielding  of  the  concrete. 

ICarks,  86. 
Sectional  area.  146.32  square  inches.    Gauged  length,  6  inches. 


14.532 

100 

0 

0 

IniUal  load. 

29.064 

200 

.0006 

.0002 

43.696 

800 

.0012 

.0006 

58,128 

400 

.0020 

.0012 

87.192 

600 

.0046 

.0081 

116,256 

800 

.0093 

.0068 

146.820 

1.000 

.0148 

.0112 

174.884 

1.200 

.0206 

.0168 

First  craolc 

208,448 

1.400 

.0266 

.0202 

232,612 

1.600 

.0841 

.0264 

262.800 

1,740 

.0888 

Ultimate  ati 
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TABLE  No.  14r-iCoTUinued). 
Compression  Tests  of  Concrete  Cubes  Made  of  Empire  CevMnt 

Mabkb,  86. 
Seetional  area,  144.12  square  lnche».    Gauged  length,  6  Inches. 

[Refer  to  Table  Na  1  for  full  history  of  blocks.] 


Applibd  Loads. 


I 


••a 
O 

H 


14,412 

28.824 

43.236 

57,648 

86.472 

115,296 

144,120 

172.944 

201,768 

230,592 

259.416 

288.240 

14,412 

snioM 

345.888 
374,712 
403.536 
432.360 
461.184 
490,008 
518.832 
547,656 
576.480 
588,500 


14.496 

28.992 

43.488 

57,984 

86,976 

115,968 

144,960 

173.952 

4202,944 

231.936 

260.928 

289,920 

818.912 

847,904 

876,896 

405,888 

406.000 

4^4,880 

463,872 

637.000 


u 

.5 

m  p 


Ik  Gauged 
Lbnqth. 


a 
o 


a 
3 


■g 


I 


Remarks. 


100 

200 

300 

400 

600 

800 

1,000 

1,200 

1,400 

1.600 

1.800 

2.000 

1,000 


2.200 
2,400 
2,600 
2,800 
8,000 
8,200 
8.400 
3.600 
8.800 
4,000 
4,083 


0 

.0002 
.0006 
.0007 
.0012 
.0019 
.0024 
.0031 
.0040 
.0047 
.0056 
.0065 


.0080 
.0089 
.0101 
.0114 
.0182 
.0151 
.0178 
.0208 
.0255 
.0370 


0 

IniUal  load. 

0 

0 

• 

.0001 

.   .0003 

.0005 

.0007 

.0010 

.0018 

.0019 

.0022 

.0026 

Rested  under  this  load  16  hours. 

.0086 

Set  after  above  rest. 

.0038 

.0011 

.0046 

.0052 

.0062 

.0074 

First  crack. 

.0090 

.0107 

.0142 

Ultimate  strength. 

MABK8,  89. 


Sectional  area,  144.96  square  inches.    Gauged  length,  5  inches. 


100 

0 

200 

.0001 

300 

.0002 

400 

.0005 

600 

.0010 

800 

.0016 

1,000 

.0322 

1.200 

.0030 

1.400 

.0039 

1,600 

.0052 

1.800 

.0063 

2,000 

.0082 

2,200 

.0102 

2,400 

.0122 

2,600 

.0155 

2,800 

.0187 

8!666 

'"*!623i 

8,200 

.0285 

8,704 

0 

0 

0 

0 
.DOOl 
.0002 
.0005 
.0008 
.0012 
.0018 
.0024 
.0034 
.0042 
.0056 
.0080 
.0099 


.0132 
.0174 


Initial  load. 


First  crack. 


Ultimate  strength. 
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TABLE  No.  14r—(C(mtvmed). 
Compression  Tests  of  Concrete  Cubes  Made  of  Empire  Cement 

MABK8,  ML 

Sectional  area,  144.12  equare  Inches.    Gauged  lengthy  6  Inches. 
[Refer  to  Table  Now  1  for  full  history  of  blocks.] 


Appuid  Loads. 


a 

u 

s 

d 

& 

1 

i| 

H 

P4* 

14»412 

100 

28.824 

200 

43,236 

300 

57.64S 

400 

86,472 

600 

116,296 

800 

144,120 

1,000 

172,944 

1,200 

201.768 

1,400 

230.592 

1,600 

250.416 

1,800 

238.240 

2.000 

317.064 

2.200 

345,888 

2.400 

374.712 

2,600 

403,636 

2,800 

425.200 

2.960 

14.532 

29,064 

43.696 

58,128 

S7.192 

116: 266 

145.320 

174.!.84 

203.448 

232.51V 

2f:i.576 

200,640 

819.704 

348,768 

377.832 

406.896 

419.600 


14.448 

28,896 

43,844 

67,792 

86.688 

U6.584 

144,480 

113,876 

202.172 

228,U00 

2f 1,168 

260,064 


317,866 
346.752 
872.600 


In  Gaugkd 
Lbnoth. 


a 


Remarkn. 


0 
.0002 
.0005 
.0007 
.0013 
.0021 
.0033 
.0043 
.0060 
.0082 
.0112 
.0145 
.0175 
.0200 
.0231 
.0267 
.0490 


0 

0 
.0001 
.0002 
.0003 
.0007 
.0011 
.0016 
.0024 
.0037 
.0057 
.0080 
.00^3 
.0113 
.0131 
.0160 


IniUal  load. 


Ultimate  Btrcngtb. 


Marks,  87. 


Sectional  area,  145.82  square  Inches.    Gauged  length,  6  Inches. 


100 

200 

300 

400 

600 

800 

1,000 

1,200 

1.400 

1.600 

1.800 

2.000 

2.200 

2.400 

2,600 

2,800 

2,887 


0 
.0002 
.0004 
.0006 
.0012 
.C019 
.0028 
.0038 
.0051 
.0067 
.0087 
.0115 
.0149 
.0201 
.0280 
.0380 


0 

0 
.0001 
.0001 
.0003 
.0006 
.0010 
.0014 
.0020 
.0028 
.0039 
.0060 
.0083 
.0127 
.0184 
.0263 


Initial  load. 


First  crack. 
Ultimate  strength. 


HABK8.  90. 


Sectional  area,  144.48  square  inches.    Gauged  length,  6  Inches. 


100 

200 

800 

400 

600 

800 

1.000 

1,200 

1,400 


1,600 
1.800 
2,000 
2.200 
2,400 
2,678 


0 

0 

.0003 

0 

.0006 

.0002 

.0010 

.0004 

.0020 

.0009 

.0088 

.0017 

.0048 

.0027 

.0074 

.0044 

.0098 

.0062 

•  •  •  •  ■ 

.0129 

""iooii 

.0163 

.0106 

.0203 

.0188 

.0243 

.0168 

.0274 

.0189 

Initial  load. 


First  crack. 


intimate  strength. 
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TABLE  No.  14^Continued). 
Compression  Testa  of  Voncrete  Cubes  Made  of  Empire  Cement 

Markb,  98. 
Sectional  area,  144.84  square  inches.    Gauged  length,  5  incheft. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applud  Loadb. 

IH  Gauord 
Lbnoth. 

• 

• 

a 
a 

3 

6 

id 

a 
IS 

1^ 

1. 

Il 
r 

1 

Remarks. 

1-1.484 

28.968 

43,452 

57,936 

86.904 

115,872 

144,840 

173.806 

202,776 

231.744 

260,712 

275,000 

289.680 

314,500 

100 

200 

800 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

'■"2',6o6 

3,171 

0 
.0001 
.0004 
.0006 
.0015 
.0031 
.0054 
.0080 
.0120 
.0159 
.0214 

"!6276 
.0375 

0 
0 
.0001 
.0002 
.0006 
.0015 
.0030 
.0048 
.0078 
.0106 
.0149 

'*"!oi98 

IniUal  load. 

First  crack. 
Ultimate  strength. 

14.472 

28.944 

43.416 

57,888 

56.832 

115.776 

144.720 

173.664 

202.608 

231,552 

260.496 

285,000 

289,440 

800.100 


14,448 

28,896 

43,344 

67.792 

86,688 

115.684 

144.480 

173,376 

202,272 

231,168 

260,064 

288,960 


Marks,  88. 
Sectional  area,  144.72  square  inches.    Gauged  length,  6  inches. 


100 

200 

800 

400 

600 

800 

1,000 

1,200 

1.400 

1.600 

1.800 


2,000 
2.074 


0 
.0001 
.0004 
.0007 
.0015 
.0025 
.0036 
.0057 
.0064 
.0121 
.0192 


.0800 
.0670 


0 

0 

0 
.0001 
.0005 
.0009 
.0014 
.0026 
.0044 
.0074 
.0129 


.0220 


Initial  load. 


First  crack. 
Ultimate  strength. 


Marks,  91. 


Sectional  area,  144.48  square  inches.    Gauged  length,  5  inches. 


100 

200 

800 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2.000 


0 

.0002 
.0005 
.0010 
.0026 
.0045 
.0080 
.0118 
.0156 
.0209 
.0289 
.0400 


0 

0 
.0002 
.0006 
.0014 
.0028 
.0062 
.0082 
.0110 
.0153 
.0215 


Initial  load. 


First  crack. 


Ultimate  strength. 
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TABLE'  No.  14r-iC(mdud€d). 
Compression  Tests  of  Concrete  Cubes  Made  of  Empire  Cemeni. 

Marks,  94. 
Sectional  area,  146.82  square  Inches.    Oauged  length,  6  Inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Appubd  Loads. 

In  Oaugid 
Lbnoth. 

Remarks. 

• 

a 

u 

• 

p 

• 

1 
3 

a 

l"^ 

1 

^ 

osr 

£ 

1 

14.682 

100 

0 

0 

Initial  load. 

29,064 

200 

.0006 

.0002 

48,696 

800 

.0013 

.0009 

68.128 

400 

.0024 

.0016 

87,192 

600 

.0060 

.0048 

116,266 

800 

.0108 

.0084 

146.829 

1.000 

.0167 

.0180 

174.884 

1.200 

.0226 

.0176 

First  crack. 

203,448 

1.400 

.0291 

.0225 

232,612 

1,600 

.0430 

.0312 

:235.900 

1.628 

Ultimate  strength. 
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TABLE  No.  15. 

Compression  Tests  of  Concrete  Cubes  Made  of  Champion  and  Buffalo 

Portland  Cements. 

Marks,  96. 
Sectional  area,  146.20  square  inches.    Gauged  length,  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


AppT.nD  Loads. 

In  Oauokd 
Lbngth. 

• 

h 

1 

Fresalon 
nob. 

• 

1 

• 

Remarks. 

1? 

1 

-4d 

3^ 

14.620 

100 

0 

0 

Initial  load. 

29.040 

200 

.0001 

0 

43,660 

300 

.0004 

.0001 

68.080 

400 

.0007 

.0001 

87,120 

600 

.0013 

.0003 

116.160 

800 

.0022 

.0008 

* 

145,200 

1,000 

.0032 

.0013 

174.240 

1,200 

.0046 

.0021 

203.280 

1.400 

.0063 

.0033 

232.320 

1,600 

.0081 

.0044 

261.360 

1,800 

.0107 

.0061 

290.400 

2.000 

.0135 

.0082 

319.440 

2.200 

.0166 

.     .0103 

348.480 

2,400 

.0192 

.0123 

First  crack. 

377.520 

2,600 

.0236 

.0155 

406.560 

2,800 

.0280 

.0190 

456,000 

3,140 

Ultimate  strength. 

14,632 

29,064 

43,596 

58,128 

87,192 

116.256 

145,320 

174,384 

203,448 

232,512 

261.576 

290,640 

819.704 

848.768 

877.832 

406,896 

413,600 


14.412 

28.824 

43,236 

67,648 

86,472 

116,296 

144.120 

172,944 

201.768 

280,592 

269,416 

288.240 

817,064 

845.888 

403,600 


Marks,  98. 
Sectional  area,  145.32  square  inches.    Gauged  length,  5  inches. 


100 

200 

300 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1.800 

2,000 

2,200 

2.400 

2,600 

2.800 

2.846 


0 
.0001 
.0003 
.0006 
.0013 
.0022 
.0035 
.0048 
.0070 
.0093 
.0119 
.0153 
.0195 
.0244 
.0310 
.0364 


0 

0 

0 
.0001 
.0002 
.0007 
.0015 
.0023 
.0036 
.0051 
.0068 
.0094 
.0122 
.0164 
.0212 
.0260 


Initial  load. 


First  crack. 


Ultimate  strength. 


Marks,  lOL 


Sectional  area,  144.12  square  inches.    Gauged  length,  6  Inches. 


100 

200 

800 

400 

600 

800 

1,000 

1,200 

1,400 

1.600 

1,800 

2,000 

2,200 

2,400 

2,800 


0 
0 

0 
.0002 
.0007 
.0018 
.0033 
.0056 
.0083 
.0118 
.0147 
.0186 
.0235 
.0292 


0 

0 

0 

0 

0 
.0003 
.0012 
.0028 
.0045 
.0067 
.0092 
.0121 
.0158 
.0204 


Initial  load. 


First  crack. 


Ultimate  strength. 
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TABLE  No.  15— (OonlwMiea). 

^Compreaskm  Tests  of  Concrete  Cubes  Made  of  Champion  and  Buffalo 

Portland  Cements* 

UAXKBf  M. 

Seotlonal  area»  144.24  square  Inches.    Gauged  length,  6  Inches. 
[Refer  to  Table  Now  1  for  full  history  of  blocks.] 


Appuid  Loads. 


s. 

3 

o 
H 


14.424 

28,848 

43.272 

67,696 

86,644 

116,392 

144,240 

173,088 

201.936 

230,784 

144,240 

14,424 

.289,632 

288,480 

317,328 

846.176 

376,024 

408,872 


^4 

a  « 
o  =. 


Ik  Guaokd 
Lbnoth. 


I 

a 

o 


o 
a 


& 


Remarks, 


100 
200 
800 

400 

600 

800 

1.000 

1,200 

1.400 

1,600 

1»000 

100 

1.800 

2,000 

2,200 

2,400 

2.600 

2,800 


0 
.0001 
.0008 
.0006 
.0012 
.0019 
.0028 
.0040 
.0066 
.0076 


.0096 
.0116 
.0162 
.0219 
.0301 
.0660 


0 

0 

0 
.0002 
.0004 
.0008 
n)012 
.0018 
.0026 
.0088 


.0062 
.0069 
.0071 
.0106 
.0160 
.0214 


IniUal  load. 


Rested  under  this  load  16  hours. 
Set  after  above  rest. 


First  crack. 


Ultimate  strength. 


Sectional  area,  144.72  square  inches.    Gauged  length,  6  inches. 


14.472 

100 

0 

0 

Initial  lead. 

28,944 

20O 

.0001 

0 

43.416 

800 

.0003 

.0001 

67.888 

400 

.0006 

.0001 

86.832 

600 

.0018 

.0004 

116,776 

800 

.0026 

.0011 

144,720 

1,000 

.0040 

.0019 

173,664 

1.200 

.0062 

.0033 

202,608 

1,400 

.0098 

.0068 

281,662 

1,600 

.0138 

.0089 

260.496 

1.800 

.0179 

.0120 

289.440 

2,000 

.0235 

.0167 

First  crack. 

318,384 

2,200 

.0322 

.0236 

861.600 

2.428 

1''1t<Tnnfp  atrpnirth. 

MaBKS,  102. 

Secth 

>nal  area. 

144.13  squafe  inches.    Gauged  length,  6  in< 

14.412 

100 

0 

0 

Initial  load. 

28.824 

200 

.0001 

0 

43.236 

300 

.0006 

.0001 

67.648 

400 

.0013 

.0006 

86,472 

600 

.0032 

.0019 

116.296 

800 

.0059 

.0039 

144,120 

1.000 

.0096 

.wifin 

172,944 

1,200 

.0135 

.0100 

201.768 

1.400 

.0186 

.0140  1  First  crack. 

230.592 

1.600 

.0245 

.0189  1 

259.416 

1,800 

.0324 

.0254 

288.240 

2.000 

.0^08 

.0324 

309.900 

2,160 

Ultimate  strength. 
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TABLE  No.  l^—(€ontmued). 

Compression  Tests  of  Concrete  Cubes  Mude  of  Champion  cmd  Buffalo 

Portland  Cements, 

MABX8,  97. 

Sectional  area,  146.08  square  incbes.    Oauged  length,  6  Inehea. 

[Refer  to  Table  Now  1  for  full  history  of  blocks.] 


Appmid  Loads. 

Ik  Guaobd 
Lknoth. 

Remarks. 

• 
OB 

1 

1 

• 

• 

"8 

■ 

& 

11 

5      ' 

/ 

3 

ss 

a- 

• 

•4* 

H 

&^ 

S 

£ 

, 

14,508 

100 

0 

0 

IniUal  load. 

29,016 

200 

.0006 

.0002 

43,624 

800 

.0012 

.0007 

68.032 

400 

.0021 

.0012 

87,048 

600 

.0050 

.0036 

116,064 

800 

.0090 

.0068 

145.080 

1,000 

.0147 

.0113 

First  crack. 

174,096 

1,200 

.0234 

.0186 

203.112 

1.400 

.0334 

.0267 

231,000 

1,591 

.0622 

Ultimate  strength. 

14,632 

29.064 

43,596 

58.128 

87.192 

116,266 

145.320 

170.000 

174.384 

203.448 

228,300 


MABE8,  100. 
Sectional  area«  146.82  square  inches.    Oauged  length,  6  inches. 


100 
200 
300 
400 
600 
800 
1,000 


1.200 
1.400 
1,571 


0 

.0006 
.0016 
.0029 
.0076 
.0139 
.0227 


.0334 
.0487 


0 
.0002 
.0010 
.0020 
.0058 
.0110 
.0184 


.0275 
.0402 


Initial  load. 


First  crack. 


Ultimate  strength. 


Marks,  108. 


Sectional  area,  146.32  square  inches.    Oauged  length,  6  inches. 


14.532 

100 

0 

29.064 

200 

.0018 

43.596 

300 

.0044 

58.128 

400 

.0085 

72,660 

500 

.0131 

87,192 

600 

.0175 

101,724 

700 

.0235 

116.256 

800 

.0288 

130.788 

900 

.0348 

145.320 

1,000 

.0464 

159.852 

1,100 

.0553 

192,400 

1.324 

0 
.0014 
.0038 
.0072 
.0112 
.0150 
.0204 
.0257 
.0166 
.0410 
.0492 


Initial  load. 


First  crack. 


Ultimate  strength. 


Statb  Enginseb  and  Surybyob. 
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TABLE  No.  16— {Continued). 

Compression  Tests  of  Concrete  Cubes  Made  of  Champion  cmd  Buffalo 

Portland  Cements. 

Mabkb,  lOi. 
Seetional  area.  143.88  square  Inches.    Gauged  length,  5  Inchee. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


APPLRD  LOASfl. 


p 


o 
H 


14.388 
28,776 
43.164 
57.552 
86.328 
115,104 
143.880 
172.656 
201,432 
230.208 
258.984 
287,760 
316.536 
345.312 
374.088 
402.864 
431.640 
460.416 
489.192 
517.968 
546,000 


14,412 
28.824 
43.236 
57.648 
•  72.060 
86.472 
100.884 
115.296 
129.708 
144.120 
158,532 
172.944 
187.356 
201.768 
216,180 
230.592 
245.004 
259.416 
273.828 
288.240 
302.652 
310.000 
317.064 
331.476 
345.888 
898.000 


m 


S 


In  Gauobd 
Lbnoth. 


§ 


a 


B 


■2 

a 


Remarks. 


100 

200 

300 

400 

600 

800 

1.000 

1.200 

1,400 

1.600 

1.800 

2.000 

2,200 

2.400 

2.60O 

2,800 

8,000 

8,200 

3,400 

8,600 

8,795 


0 

.0002 
.0006 
.0007 
.0012 
.0017 
.0023 
.0029 
.0036 
.0043 
.0050 
.0060 
.0071 
.0081 
.0096 
.0109 
.0127 
.0156 
.0184 
.0207 


0 

0 
.0001 
.0001 
.0002 
.0002 
.0005 
.0007 
.0009 
.0011 
.0014 
.0019 
.0025 
.0031 
.0040 
.0046 
.0054 
.0075 
.0091 
.0106 


Initial  load. 


First  crack. 
Ultimate  strength. 


Marks,  104a. 


Sectional  area,  144.12  square  inches.    Gauged  length,  6  Inohet. 


100 

20O 

300 

400 

500 

600 

700 

800 

900 

1,000 

I.IOO 

1.200 

1.300 

1.400 

1.500 

1.600 

1,700 

1.800 

1.900 

2.000 

2,100 


2.200 
2.300 
2.400 
2.762 


0 
.0003 
.0003 
.0007 
.0010 
.0014 
.0017 
.0021 
.0025 
.0029 
.0034 
.0039 
.0045 
.0052 
.0062 
.0068 
.0079 
.0087 
.0100 
.0110, 
.0127 


.0140 
.0164 
.0178 


0 
.0001 
.0001 
.0002 
.0003 
.0005 
.00(16 
.0007 
.0009 
.0010 


.0014 

'.mi 


.0029 

'.mb 

.'0064 


.0075 

!oio2 


Initial  load. 


First  crack. 


Ultimate  strength. 
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TABLE  No.  15— (OonfwMietf). 

Compre89ion  Testa  of  Ctmcrete  Cubes  Made  of  Champion  and  Buffalo 

Portland  Cements.  . 

MABKg,  107. 
Sectional  area,  145.20  square  inches.    Gauged  length,  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Appuid  Loads. 


g 

s. 

I 

H 


14.620 
20,040 
43.660 
68.080 
72.600 
87,120 
101,640 
116.160 
130,680 
146.200 
169, TUo 
174.240 
188.760 
203,280 
217.800 
282.320 
246.840 
261.360 
276.880 
290.400 
804.920 
819.440 
833.960 
848,480 
860.000 
863.000 
377.620 
892.040 
406.660 
421.080 
436.600 
476.000 


14.412 

28.824 

43.236 

67.648 

86.472 

116.296 

144.120 

172.944 

201.768 

230.692 

269.416 

288.240 

886.600 


a 


0 


g 


0 


In  Gauged 
Lbnqth. 


us 
e 

a 


I 


Remarks. 


100 
200 

800 

400 

600 

600 

700 

800 

900 

1,000 

1.100 

1.200 

1,300 

1.400 

1.600 

1,600 

1.700 

1,800 

1,900 

2,000 

2.100 

2.200 

2.300 

2.400 


2.600 
2.600 
2,700 
2.800 
2.900 
8.000 
8,278 


0 
.0001 
.0008 
.0006 
.0007 
.0009 
.0012 
.0013 
.0016 
.00 
.00! 
.0026 
.0030 
.0038 
.0038 
.0042 
.0060 
.0066 
.0061 
.0070 
.0079 
.0087 
.0096 
.0106 


.0116 
.0127 
.0141 
.0163 
.0174 
.0207 


0 

0 

0 
.0001 
.0001 
JMOZ 
.0003 
.0003 
.0004 
.0005 
.0007 
.0008 
.0010 
.0012 
.0018 
.0014 
.0018 
.0020 
.0024 
.002^ 
.0038 
.0037 
.0042 
.0030 


IniUal  load. 


.0066 
.0062 
.0072 
.0080 
.0097 
.0122 


First  crack. 


Ultimate  strength. 


Mabkb,  UA. 


Sectional  area,  144.12  square  inches.    Gauged  length,  6  Inches. 


100 

200 

800 

400 

600 

800 

1,000 

1.200 

1,400 

1,600 

1.800 

2.000 

2.675 


0 
.0002 

.0006 
.0009 
.0018 
.0030 
.0049 
.0068 
.0090 
.0128 
.0206 
.0247 


0 

0 

0 
.0002 
.0007 
.0013 
.0026 
.0038 
.0052 
.0081 
.0151 
.0187 


Initial  load. 


First  crack. 
Ultimate  strength. 


Statb  Enginbbr  and  Subybtob. 
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TABLE  No.  IQ—iContmuea). 

Oampresrian  Tests  of  Concrete  C7«6e«  Made  of  Champion  a/nd  Buifalo 

Portland  Cements. 

Uakkb,  166. 

Sectional  area,  144.12  square  Inches.    Gauged  length,  6  Inches. 

[Refer  to  Tahle  No.  1  for  full  history  of  blocks.] 


Appmcd  Loads. 

In  Gauqbd 
Lbnqth. 

1 
1 

&  • 

M 

c 

•si 

• 

1 

N 

¥ 

0 

• 

•8 

a 

M 

1 

Bemarkft. 

14,412 

28,824 

43,236 

67.648 

72,060 

86.472 

100.884 

115.296 

129,706 

144.120 

158.582 

172.944 

187,866 

-201.768 

216.180 

230.592 

-245.004 

269.416 

273.828 

288,240 

802.652 

817.064 

231.476 

845.888 

860.000 

teo.soo 

•874.400 

100 

200 

^800 

400 

600 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,800 

1,400 

1,500 

1,600 

1,700 

1,800 

1,900 

2,000 

2.100 

2.200 

2.800 

2,400 

'""2.506 
2.598 

0 
.0001 
.0002 
.0006 
.0008 
.0010 
.0012 
.0015 
.0018 
.0022 
.0026 
.0032 
.0036 
.0041 
.0048 
.0055 
.0062 
.0070 
.0063 
.0096 
.0107 
.0126 
.0148 
.0175 

""".'02i9 

0 
0 
0 
.0001 
.0001 
.0002 
.0003 
.0004 
.0006 
.0006 
.0009 
-.0012 
.0012 
.0014 
.0018 
.0020 
.0025 
.0029 
.0037 
.0048 
.0064 
.0066 
.0083 
.0102 

'***.'6i38 

Initial  load. 

1 

First  crack. 

Ultimate  strength. 

MabK8»  108. 
Seotional  area,  144.24  square  inches.    Gauged  length,  6  inchat. 


14.424 

100 

28.848 

200 

43.272 

300 

67.696 

400 

86.544 

600 

115.392 

800 

144,240 

1.000 

173.088 

1.200 

201.936 

1.400 

230.784 

1.600 

269.632 

1.800 

288.480 

2.000 

217.328 

2,200 

246.176 

2.400 

0 
.0002 
.0005 
.0009 
.0016 
.0026 
.0037 
.0051 
.0070 
.0094 
.0121 
.0167 
.0238 
.0880 


0 

0 
.0001 
.0002 
.0006 
.0011 
.0016 
.0024 
.0035 
.0051 
.0073 
.0103 
.0157 


IniUal  load. 


First  crack. 
Ultimate  strength. 
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TABLE  No.  15—{Contin/ued). 

Compression  Tests  of  Concrete  Cubes  Made  of  Champion  amd  Buffalo 

Portland  Cements, 

Marks,  111. 
Sectional  area,  145.32  square  Inches.    Gauged  length,  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


14,496 

28,992 

43,488 

57,984 

72.480 

86,976 

101,472 

115.968 

130.464 

144,960 

159.456 

173.952 

188.448 

189,000 

202,944 

217.440 

218,200 


14.701 

29.402 

44.ir.3 

58.206 

73.506 

88.206 

102.907 

117.608 

132.309 

147,010 

161.711 

176.412 

210.400 


Applied  Loai>8. 

In  Gauged 
•  Lbmgth. 

Remarks. 

• 

d 

u 

■ 

g 

• 

3 

e 

oands 
quarein 

empress 
luoh. 

i 

H 

a*" 

1       ^ 

14,532 

100 

0 

0 

Initial  load.  . 

29.064 

200 

.0005 

.0001 

43.596 

300 

.0010 

.0004 

58,128 

400 

.0015 

.0008 

87.192 

600 

.0029 

.0016 

116.256 

800 

.0046 

.0029 

145.320 

1,000 

.0070 

.0044 

174.384 

1.200 

.0101 

.0066 

203.448 

1,400 

.0134 

.0091 

" 

232.612 

1.600 

.0172 

.0120 

261.576 

1,800 

.0221 

.0160 

First  crack. 

290.640 

2.000 

.0250 

.0161 

Anomalous   behaviour    of    the    micrometer 
tributed  to  local  yielding  of  the  specimen. 

at* 

310,000 

2,133 

.0212 

Ultimate  strength. 

Marks,  106. 
Sectional  area,  144.96  square  inches.    Gauged  length,  5  inches. 


100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 


1.400 
1,500 
1,505 


0 
.0002 
.0005 
.'0010 
.0016 
.0025 
.0036 
.0050 
.0071 
.0094 
.0132 
.0172 
.0211 

!0273 
.0455 


0 

0 
.0001 
.0003 
.0008 
.0012 
.0019 
.0029 
.0043 
.0061 
.0093 
.0129 
.0162 


Initial  load. 


First  crack. 


Ultimate  strength. 


Marks,  109. 


Sectional  area.  147.01  square  inches.    Gauged  length,  5  inches. 


100 

0 

200 

.0004 

300 

.0010 

400 

.0020 

500 

.0033 

600 

.0047 

700 

.0066 

800 

.0098 

900 

.0115 

1.000 

.0151 

1,100 

.0199 

1,200 

.0265 

1,431 

0 
.0001 
.0005 
.0012 
.0021 
.0031 
.0045 
.0071 
.0085 
.0115 
.0156 
.0213 


Initial  load. 


First  crack. 


Ultimate  strength. 


6tATB  EnOINBBB  and   SuRYOriOA. 
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TABLE  No.  15— {Concluded). 

Oomfyression  Teats  of  Concrete  Cubes  Made  of  Champion  and  Buffalo' 

Portland  Cements. 
ujlskb,  us. 

Sectional  areia»  144.48  square  Inches.    Gauged  length,  6  Inches. 
[Refer  to  Table  No.  1  tor  full  history  of  blocks.] 


Applibd  Loads. 

In  Gauobd 
Lbkgtb. 

Remarke. 

& 

6 

U 

• 

1 

H 

r 

i 

14,448 

100 

0 

0 

Initial  load. 

28.896 

200 

.Wl 

.0009 

43. M4 

57,792 

300 

.0026 

.0020 

400 

.0049 

.0089 

72.240 

500 

.0079 

.0066 

88.688 

600 

.0120 

.0101 

101.136 

700 

.0176 

.0150 

U6.684 

800 

.0281 

.0202 

First  crack. 

130,082 

900 

.0806 

.0270 

144,480 

1,000 

.0390 

.0347 

158.928 

1,100 

.0477 

.0428 

• 

179,600 

1,243 

Ultimate  strength. 

14,486 

28,992 

43,488 

67,984 

72.480 

86.976 

101,472 

115.968 

180,464 

144,960 

169,466 

178.962 

188.448 

202.944 

217.440 

231,936 

246,432 

260,928 

275.424 

803.800 


MARKS,  US. 
Sectional  area,  144.96  square  inches.    Gauged  length,  6  inches. 


100 

0 

0 

Initial  load. 

200 

.0001 

0 

300 

.0003 

0 

400 

.0007 

.0001 

500 

.0012 

.0002 

600 

.0015 

.0003 

700 

.0019 

.0006 

800 

.0026 

.0009 

900 

.0081 

.OOU 

1.000 

.0038 

.0015 

1,100 

.0046 

.0019 

1,200 

.0054 

.0026 

1,300 

.0064 

.0032 

1.400 

.0079 

.0042 

1.500 

.0096 

.0063 

1,600 

.0114 

.0067 

1.700 

.0140 

.0088 

1,800 

.0177 

.0115 

1.900 

.0248 

.0180 

First  crack. 

2.096 

Ultimate  strength. 
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TABLE  No.  16. 

Compression  Tests  of  Cubes  Made  of  Cement  Mortar. 

UABxa,  us. 

Sectional  area,  144.48  square  Inches.    Gauged  length,  5  inches. 
[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applixd  Loads. 

In  Gauobd 
Length 

• 

■ 
a 

U 

i 

■ 

.£3 
O 

Remarks. 

i 

« « 

o  5, 

mpreea 
lucb. 

s 

M 
4> 

S 

&^ 

5 

00 

. 

14,448 

100 

0 

0 

Initial  load. 

28,896 

200 

.0008 

0 

43,844 

300 

.0008 

.0001 

67.792 

400 

.0018 

.0001 

86.688 

600 

.0024 

.0005 

115.684 

800 

.0038 

.0011 

144.480 

1,000 

.0053 

.0017 

178,876 

1,200 

.0068 

.0026 

202,272 

1.400 

.0088 

.0038 

231,168 

1,600 

.0112 

.0054 

- 

260.064 

1.800 

.0156 

.0085 

288,300 

1,995 

.0220 

Ultimate  strength. 

14,666 

29.112 

48,668 

68,224 

87.336 

116,448 

145.560 

174.672 

203.784 

232.896 

262.008 

291,120 

820.232 

349,344 

378.466 

407.568 

436.680 

466,792 

494.904 

606.400 


14.424 

28,848 

43,272 

57.696 

86.544 

116.392 

144.240 

173,088 

201.936 

230.784 

259,632 

288,480 

317.328 

346.176 

375.024 

403.100 


MARKS,  116. 


MARKS,  UB. 

Sectional  area,  145.66  square  inchesw    Gauged  length,  6  inches. 

100  A  0  TnUfAt  \t%AA. 


100 

200 

300 

400 

600 

800 

1,000 

1.200 

1,400 

1.600 

1,800 

2,000 

2.200 

2,400 

2.600 

2.800 

3.000 

3,200 

8.400 

3.479 


0 

0 

.0002 

0 

.0006 

0 

.0009 

0 

.0016 

.0001 

.0026 

.0002 

.0036 

.0005 

.0046 

.0008 

.0058 

.0013 

.0073 

.0020 

.0084 

.0024 

.0100 

.0033 

.0116 

.0044 

.0131 

.0063 

.0153 

.0068 

.0181 

.0090 

.0207 

.0107 

.0242 

.0133 

.0288 

.0168 

Ultimate  strength. 


Marks,  119. 


Sectional  area,  144.24  square  inches.    Gauged  length,  S  Inohss. 


100 

200 

800 

400 

600 

800 

1,000 

1,200 

1.400 

1.600 

1.800 

2.000 

2,200 

2.400 

2.600 

2.795 


0 

.0001 
.0004 
.0005 
.0010 
.0017 
.0025 
.0037 
.0047 
.0061 
.0073 
.0093 
.0111 
.0138 
.0179 


0 

0 

0 

0 

0 

0 
.0001 
.0004 
.0007 
.0013 
.0017 
.0027 
.0038 
.0055 
.0081 


Initial  load. 


Ultimate  strength. 


State  Bnginbbr  and  Surveyor. 
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TABLE  No.  16— (<7an*im<6tf). 
Compression  Tests  of  Cubes  Made  of  Cement  Mortar. 

Marks,  122. 
Sectional  area,  146.06  square  Inches.    Gauged  length,  5  Inchesi. 

[Refer  to  Table  Nov  1  for  full  history  of  blocks.] 


Appubd  Loads. 


a 

i 
1 


14,605 

29,210 

48,815 

58.420 

73,026 

87.630 

102.235 

116.840 

131.445 

146,050 

160,655 

175,260 

189,865 

204.475 

219.075 

233.680 

248,285 

262.890 

277.495 

292,100 

306,200 

315.600 


14,592 

29.184 

43,776 

58.368 

87,552 

116,736 

145,920 

175,104 

204,288 

283,472 

262.656 

291.840 

821,024 


14,472 

28.944 

43,416 

67.888 

86.882 

116,776 

144.720 

173,664 

202,606 

231,662 

268.000 


9 


OS" 


In  Gauosd 
Lenqth. 


g 


Of 


O 

a* 


J3 

p 


zn 


Remarks. 


100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1.200 

1.300 

1,400 

1,500 

1.600 

1.700 

1.800 

1.900 

2,000 


2,161 


0 
.0002 
.0004 
.0006 
.0009 
.0012 
.0015 
.0020 
.0025 
.0030 
.0036 
.0042 
.0049 
.0058 
.0070 
.0081 
.0093 
.0107 
.0128 
.0149 


0 

0 

0 

0 
.0001 
.0001 
.0002 
.0003 
.0004 
.0005 
.0007 
.0009 
.0011 
.0014 
.0018 
.0024 
.0030 
.0038 
.0050 
.0064 


Initial  load. 


First  cr&ck. 
Ultimate  strength. 


Mabks,  117. 
Sectional  area,  145.92  square  inches.    Gauged  length,  6  Inches. 


100 

200 

300 

400 

600 

800 

1,000 

1.200 

1.400 

1.600 

1,800 

2,000 

2.200 


0 
.0002 
.0006 
.0010 
.0019 
.0032 
.0044 
.0059 
.0080 
.0100 
.0132 
.0201 


0 

0 

0 

0 
.0002 
.0006 
.0011 
.0019 
.0031 
.0043 
.0066 
.0120 


Initial  load. 


Ultimate  strength. 


Sectional 

100 

200 

80O 

400 

600 

800 
1,000 
1,200 
1.400 
1.600 
1,783 


area, 

0 
.0002 
.0006 
.0010 
.0022 
.0036 
.0053 
.0075 
.0105 
.0160 


Marks,  120. 
144.72  square  Inches.    Gauged  length,  6  Inches. 


0 

0 

0 

0 
.0002 
.0009 
.0017 
.0030 
.0049 
.0089 


Initial  load. 


Ultimate  strength. 
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TABLE  No.  16—{Coniimei). 
Compression  Tests  of  Cubes  Made  of  Cemeni  Mortar, 

Marks,  US. 
Sectional  area,  145.56  square  Inchesi    Oauged  lengthp  6  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


14.606 
29,210 
43.816 
58.420 
73,025 
87.630 
101.000 


APPUSD   LOADfi. 

In  Gauobd 
Lenqth. 

• 

g 

per 

inch. 

§ 

1« 

• 

■g 

Remarks. 

s. 

^S 

-a 

o 

P  Si 

a 

o 

1 

H     ' 

•     ^* 

CJ) 

0 

14,556 

100 

0 

Initial  load. 

29.112 

200 

.0004 

0 

43.668 

300 

.0008 

.0001 

68,224 

400 

,0013 

.0wv)2 

72.780 

600 

.0019 

.0008 

87.360 

600 

.0025 

.0005 

101.892 

700 

.0032 

.0008 

» 

116.448 

800 

.0041 

..0011 

131.004 

900 

.0048 

.0015 

146.560 

1,000 

.0058 

.0020 

160.116 

1,100 

.0070 

.0028 

174.672 

1,200 

.0084 

.0036 

189.228 

1.300 

.0101 

.0047 

203.784 

1,400 

.0119 

.0060 

218.340 

1.500 

.0148 

.0081 

232.896 

1.600 

.0194 

.0114 

247.100 

1.698 

.0270 

Ultin^ate  stren^h. 

Marks.  118. 
Sectional  area,  146.41  square  inches.    Oauged  length,  5  inches. 


14.641 

100 

29.282 

200 

43.923 

300 

58.564 

400 

87.846 

600 

117.128 

800 

146.410 

1,000 

169.000 

1,154 

14.484 

SectI 
100 

28,968 

200 

43,452 

300 

57.936 

400 

72.420 

500 

86.904 

600 

101.388 

700 

115.872 

800 

130.366 

900 

144,840 

1,000 

0 
.0010 
.0022 
.0033 
.0062 
.0099 
.0165 


0 
.0006 
.0012 
.0019 
.0038 
.0061 
.0109 


Initial  load. 


Ultimate  strength. 


Marks,  12L 
Sectional  area,  144.84  square  inches.    Gauged  length,  6  inches. 


0 

.0(J02 
.0007 
.0013 
.0023 
.0040 
.0060 
.0085 
.0118 
.0250 


0 
0 

.0001 
.0004 
.0009 
.0017 
.0030 
.0045 
.0074 
.0186 


Initial  load. 


Ultimate  strength. 


Marks,  121c. 


Sectional  aree,  146.06  square  inches.    Gauged  length,  6  inches. 


100 
200 
300 
400 
500 
600 
692 


0 
.0010 
.0025 
.0045 
.0079 
.0110 
.0230 


0 
.0006 
.0013 
.0029 
.0063 
.0076 
.0179 


Initial  load. 


First  crack  and  ultimate  strength. 


Statb  Engineer  and  Surveyor. 
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TABLE  No.  l^-^Cantinued). 
Compression  Tests  of  Cuhes  Made  of  Cement  Mortar. 

MABK8»  124.  ' 

Sectional  area*  144.36  square  inches.    Gauged  length,  5  Inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Appubo  Loads. 

In  Gauged 

LSHOTQ. 

• 

1 

li 

• 

g 

11 

o 

• 

i 

Remarks. 

14,436 
28,872 
43,305 
57.744 
72,180 
86,616 
101.062 
112.100 

100 
200 
300 
400 
500 
600 
700 
776 

0 
.0009 
.0019 
.0035 
.0068 
.0096 
.0174 

0 
.0004 
.0008 
.0017 
.0034 
.0062 
.0123 

Initial  load.                                  v 
Ultimate  strength. 

14.400 
28,800 
43,200 
57,600 
86,400 
115.200 
144,000 
172,800 
201,600 
^0,400 
259,200 
288,000 
316.800 
^5,600 
874,400 
403,200 
432,000 
460,800 
489,600 
£18,400 
547.200 
£61.200 


14.424 

28.848 

43.272 

67,696 

86,644 

115.392 

144,240 

173,088 

201,936 

230,784 

^59.689 

288,480 

817.828 

146.176 

375.024 

406.872 

482.720 

461.568 

490.416 

519.264 

£25.800 


MABKB,  126. 
Sectional  area.  144.00  square  inches.    Gauged  length.  5  inches. 


100 

200 

300 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,200 

2,400 

2.600 

2,800 

3,000 

8,200 

3,400 

3,600 

3.800 

3.897 


0 

0 
.0001 
.0002 
.0007 
.0013 
.0018 
.0025 
.0032 
.0038 
.0043 
.0050 
.0068 
.0066 
.0074 
.0083 
.0093 
.0106 
.0120 
.0140 
.0169 


0 

0 

0 

0 

0 

0 

0 
.0001 
.0001 
.0003 
.0004 
.0006 
.0008 
.0012 
.0013 
.0016 
.0019 
.0025 
.0031 
.0041 
.0059 


Initial  load. 


Ultimate  strength. 


128. 


Sectional  area,  144.24  square  inches.    Gauged  length,  5  inches. 


100 

200 

300 

400 

600 

800 

1.000 

1.200 

1.400 

1.600 

1.800 

2.000 

2.200 

2.400 

2,600 

2,800 

8,000 

8.200 

8,400 

8.600 

8.642 


0 
.0002 
.0005 
.0008 
.0014 
.0020 
.0025 
.003f 
.0037 
.0043 
.0061 
.0058 
.0068 
.0076 
.0086 
.0099 
.0112 
.0130 
.0158 
.0192 


0 

0 

0 
.0001 
.0001 
.0002 
.0002 
.0003 
.0005 
.0007 
.0009 
.0011 
.0016 
.0018 
.0023 
.0027 
.0032 
.0043 
.0066 
.0077 


Initial  load. 


First  crack. 
Ultimate  strength. 
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TABLE  No.  16—{Oontimed). 
Compression  Tests  of  Cubes  Made  of  Cement  Mortwr. 

Seotlonal  area,  144.72  square  Inohes.    Gauged  length,  6  Inches. 
[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applisd  Loads. 

In  Gauged 
Lbnqth. 

• 
OB 

3 

a 

a  a 

mpresaion. 
Inch. 

ft 

M 

O 

a 

i 

Remarks. 

o 
H 

&^ 

6 

OD 

14.472 

100 

0 

0 

Initial  load. 

28.944 

200 

.0001 

0 

43.416 

300 

.0003 

0 

67,888 

400 

.0006 

0 

86,832 

600 

.0011 

.0001 

115,776 

800 

.0018 

.0002 

144.720 

1,000 

.0026 

.0003 

173.664 

1.200 

.0034 

.0006 

202.608 

1.400 

.0044 

.0009 

a 

231.552 

1,600 

.0056 

.0013 

» 

260.496 

1.800 

.0073 

.0019 

289.440 

2,000 

.0093 

.0030 

318.384 

2.200 

.0123 

.0047 

347,328 

2,400 

.0175 

.0082 

361.000 

2,494 

Ultimate  streneth. 

Sectional 


14.472 

100 

28.944 

200 

43.416 

300 

57.888 

400 

86,832 

600 

115.776 

800 

144.720 

1,000 

173,664 

1,200 

202.608 

1,400 

231.552 

1,600 

258.000 

1.782 

14.424 

Sectic 
100 

28.848 

200 

43.272 

300 

57.696 

400 

86.544 

600 

115,392 

800 

144.240 

1.000 

173.088 

1,200 

201.936 

1.400 

230,784 

1.600 

247.600 

1,717 

area, 

0 

.0000 
.0001 
.0002 
.0008 
.0017 
.0030 
.0043 
.0067 
.0114 


Marks,  127. 
144.72  square  inches. 


Gauged  length.  6  inches. 


0 

0 

0 

0 

0 
.0002 
.0006 
.0010 
.0020 
.0047 


Initial  ioad. 


Ultimate  strength. 


area, 

0 
.0004 
.0010 
.0016 
.0028 
.0041 
.0055 
.0075 
.0102 
.0166 
.0260 


MARKS,  180. 
144.24  square  inches.    Gauged  length,  6  inches. 

0        Initial  load. 

0 

0 
.0001 
.0006 
.0011 
.0019 
.0080 
.0046 
.0091 


Ultimate  strength. 


Statb  Enoinbbb  and  Survbtob. 
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TABLE  No.  16—(Contmued). 

Compression  Tests  of  Cubes  Made  of  Cement  Mortar. 

MAXKB,  m. 

Sectional  area,  146.82  BQuare  inches.    Gauged  length,  6  inches. 
[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 


•S 


& 


e 
H 


14.532 
29.064 
43,696 
68,128 
87.192 
116.266 
145.320 
174.384 
203,448 
232,512 
261.676 
290.640 
319,704 
848.768 
877.832 
406.896 
436.960 
465.024 
494.088 
523.162 
652.216 
681.280 


14.436 

28.872 

43.308 

67.744 

86,616 

116.488 

144.360 

173.232 

202.104 

230,976 

259,848 

288.720 

817.592 

346.464 

375,336 

404.208 

429.200 


U 


o 
3 


I? 


In  Gauged 
Length. 


I 

a 

o 
O 


03 


Remarks. 


100 

200 

300 

400 

600 

800 

1.000 

1.200 

1.400 

1,600 

1.800 

2,000 

2,200 

2.400 

2.600 

2.800 

3.000 

3.200 

3,400 

3.600 

8.800 

4.000 


0 
.0001 
.0002 
.0006 
.0010 
.0015 
.0021 
.0026 
.0032 
.0038 
.0043 
.0048 
.0053 
.0059 
.0»J64 
.0070 
.0077 
.0083 
.0093 
.0103 
.0118 
.0143 


0 
0 
0 

0 

0 

0 

0 
.0002 
.0008 
.0004 
.0006 
.0006 
.0006 
.0007 
.0008 
.0009 
.0011 
.0014 
.0015 
.0020 
.0024 
.0036 


Initial  load. 


Ultimate  strength. 


Marks,  186. 


Sectional  area,  144.36  square  inches.    Gauged  length,  5  inches. 


100 

200 

300 

400 

600 

800 

1.000 

1.200 

1,400 

1.600 

1,800 

2.000 

2.200 

2,400 

2.600 

2.800 

2.973 


0 
.0002 
.0005 
.0008 
.0013 
.0018 
.0f)25 
.0032 
.0040 
.0047 
.0(t58 
.0068 
.0082 
.0100 
.0122 
.0161 


0 
0 

0 

0 
.0001 
.0002 
.0003 
.0006 
.0007 
.0010 
.0013 
.0017 
.0022 
.0032 
.0043 
.0066 


Initial  load. 


Ultimate  strength. 


Sectional 


14,460 

100 

28,920 

200 

43,880 

800 

67.840 

400 

86,760 

600 

116.680 

800 

144,600 

1.000 

178.620 

1.200 

202,440 

1,400 

281.860 

1.600 

260.280 

1.800 

area, 

0 
.0002 
.0006 
.0009 
.0017 
.0027 
.0040 
.0066 
.0078 
.0106 
.0186 


Markb,  186. 
144.60  square  inches.    Gauged  length,  6  inches. 


0 

0 

0 

0 
.0001 
.0002 
.0008 
.0016 
.0026 
.0046 
.0104 


Initial  load. 


Ultimate   strength. 
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TABLE  No.  16—{CofUimied). 
Compression  Teats  of  Cubes  Made  of  Cemewt  Mortar. 

Masks,  14S. 
Sectional  area,  144.00  square  inches.    Oauged  length,  5  inches. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


Applied  Loads. 

In  Gauobd 
Lbhgth. 

a 

0 

u    . 
a 

1^ 

4 

Remarks. 

s. 

3 

§ 

• 

0^ 

• 

H 

P4* 

o 

Vm 

14,400 

100 

0 

0 

IniUal  load. 

28,800 

200 

.0002 

0 

57,600 

400 

.0009 

.0001 

86,400 

600 

.0016 

.0002 

115,200 

800 

.0022 

.0004 

144,000 

1,000 

.0030 

.0006 

172,800 

1.200 

.0037 

.0009 

201,600 

1,400 

.0044 

.0011 

230.400 

1,600 

.0050 

.0012 

259,200 

1,800 

.0059 

.0015 

288.000 

2,000 

.0066 

.0017 

316.800 

2.200 

.0076 

.0021 

345,600 

2,400 

.0086 

.0027 

374.400 

2.600 

.0096 

.0032 

403.200 

2,800 

.0111 

.0040 

432.000 

3,000 

.0125 

.0046 

460.800 

3,200 

.0140 

.0054 

489.600 

3,400 

.0162 

.0068 

518.400 

3.600 

.0190 

.0083 

567.200 

3,869 

Ultimate  strength. 

14,424 
28.848 
43,272 
57.696 
72,120 
86.544 
100,968 
115,392 
129.816 
144,240 
158,664 
173.088 
187.512 
201,936 
216.360 
230,784 
245,208 
269.632 
274,056 
288,480 
802.904 
817.328 
331,752 
346,176 
360.600 
375,024 
388,000 


Marks,  144. 
Sectional  area.  144.24  square  inches.    Gauged  length,  6  Inches. 

Initial  load. 


100 

0 

0 

200 

.0003 

0 

300 

.0007 

.0001 

400 

.0011 

.0002 

500 

.0015 

.0003 

600 

.0019 

.0004 

700 

.0022 

.0006 

800 

.0027 

.0006 

900 

.0031 

.0007 

1.000 

.0035 

.0009 

1.100 

.0039 

.0011 

1,200 

.0042 

.0012 

1.300 

.0048 

.0016 

1,400 

.0062 

.0016 

1,600 

.0057 

.0018 

1,600 

.0062 

.0022 

1,700 

.0070 

.0024 

1.800 

.0078 

.0029 

1,900 

.0068 

.0036 

2,000 

.0097 

.0041 

2.100 

.0110 

.0049 

2.200 

.0120 

.0054 

2.800 

.0138 

.0064 

2,400 

.0166 

.0080 

2,600 

.0185 

.0099 

2,600 

.0283 

.0186 

2.690 

Ultimate  strength. 


State  Engineer  and  Surveyor. 
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TABLE  No.  l^—(Concludecl). 
Compression  Testa  of  Cubes  Made  of  Cement  Mortar. 

MABK8,  14S. 

Sectional  aree«  143.88  square  inches.    Gauged  length,  5  inches. 
[Refer  to  Table  No.  1  for  full  histonr  of  blocks.] 


Appmsd  Loads. 

In  Gauokd 
Lkmoth. 

t 

ii 

a 

ll 

1. 
t 

i 

i 

Remarks. 

H 

pk* 

Q 

14.388 

100 

0 

0 

Initial  load. 

28.776 

200 

.0012 

.0005 

43,164 

300 

.0022 

.0008 

57.662 

400 

.0031 

.0012 

71.940 

600 

.0088 

.0016 

86.328 

600 

.0046 

.0020 

100.716 

700 

.0066 

.0027 

116,104 

800 

.0064 

.0034 

129,492 

900 

.0075 

.0040 

143.880 

1.000 

.0090 

.0051 

48.164 

300 

Rested  16  hours  under  this  load. 

143.880 

1.000 

.0096 

.0061 

158.268 

1,100 

.0108 

.0068 

172.656 

1,200 

.0126 

.0078 

187,044 

l.SOO 

.0164 

.0100 

201.432 

1.400 

.0216 

.0154 

227,600 

1»681 

Ultimate  strength. 
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TABLE  No.  17. 
ModuU  of  Elasticity  of  Concrete  and  Cement  Mortar  Cubes, 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


MARKS. 


MoDuu  OF  Elabticitt  Bbtwkkv  Loads,  in  Pounds  Pxb  Squaxs 

Inch  of>- 


100  and  tfOO. 


7 

7a 
12 
16 

1 
17 

8 

2 
13 
18 

9 
14 

3 
10 
10a 
15 
U 
26 
2oa 

4 
19 
22. 
26 

5 

20 
23 
27 
21 
24 

6 

28 
29 
34 
39 
39a 
30 
35 
40 
31 
36 
41 
32 
37 
42 
33 
38 
43 
44 
49 
54 
45 
50 
55 
46 
51 
56 
47 
62 
57 
48 
53 
68 
59 
62 
62a 


8,671, 

1,786, 

2,273, 

2.088, 

8,571, 

1.667. 

3,i25. 

1,471. 

2.L73. 

1,562. 

1,562. 

1,087. 

1,562. 

1,389. 

1,250, 

1.471, 

1.087. 

1,786. 

1.471. 

2.083. 

1,9:3. 

8.125. 

1.923. 

2,500, 

1,667, 

1,250. 

1.562. 

1,786, 

2,083, 

1.667. 

1,667. 

2.273. 

1.667. 

1,786. 

1.662. 

2.083, 

2,778. 

2,083, 

2.500. 

2.083. 

1,471. 

1.667. 

1.250, 

1.667. 

1,471, 

1,562. 

1.250. 

2,778. 

4,167, 

2.27n. 

2,083, 

2.273. 

2.600. 

2.083. 

1,786. 

1.667, 

1.316. 

1.471. 

1.662. 

1,889. 

1.250, 

1.316. 

2.500. 

2.778, 

1.667. 

lbs. 
000 
000 
000 
000 
000 
000 
000 
0U3 

x«o 

000 
U03 
000 
000 
000 
000 
000 
000 
000 
000 
0()0 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


100  SDd  1000. 


lbs. 
2,812,000 
1.462,000 
2,148,000 
2,046.000 
4,091.000 
1,406,000 
2,647.000 
1.600.000 
2,143.000 
1.607,000 
1,324,000 
1.154.000 
l,667.0iX) 
1.216.000 
1,184.000 
1,500.000 

i*86o!66o 

1.216.000 
2.(14^.000 
1.8tXj.000 
2.812.0'.0 
1.667.000 
1.956,000 
1.500,000 
1,500.000 
1,364.000 
1.552.00U 
1,667,000 
1.452.0  JO 
1,324.000 
2,143.000 
1,731.000 
1.800.000 
1.323,000 
1.956.0.0 
2.250,000 

1.800.00a 

2.046.000 
1,667.  OH) 
1.452.000 
1.364.000 

i!566!66o 

1.500,000 
1.046.000 

2i266]o66 
2.500.000 
2.045.000 
1,875.000 
2.143.000 
1.956.000 
1.800.000 
1.500,000 
1.364,000 
1.184.000 
1,184.000 
1.286.000 
1.154.000 

i!646!666 

2,868,000 
2.600.000 
1.600,000 


1000  and  2000. 


lbs. 
1.667.0)0 

i!429!o6o 

962,000 
2. 500. COO 

iiiioiooo 


1,163.000 

i!429i66o 
1.282.000 
1,667,000 


1.136.000 
1.087, OX) 
1,087.00J 

i^iie.'ooi 

1.429,000 


1.087,000 
1.219,0rK) 
1.111.000 
l.lll.OpO 
1.662,000 


1,282,000 
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TABLE  No.  n—(Cimtinued). 
ModiiU  of  Elasticiiy  of  Concrete  and  Cement  Mortar  Cubes. 

[Befer  to  Table  No.  1  for  full  history  of  blocks.] 


UoDuu  OF  BLAflncnr  Bstwbbn  Loads.  » 

Ikch  or— 

Pounds  Pbr  Squaxb 

MABKS. 

IVO  and  600. 

100  and  1000. 

1000  and  2000. 

lbs. 

lbs. 

lbs. 

66 

60 
68 

66 
61 
64 

67 

era 

8.125.000 
1.667.000 
1.923.000 
1.667.000 
1.316.000 
1.562.000 
1.667.000 
1.087,000 

1.562.000 
1.260,000 
1,216.000 
1.216.000 

1^16.000 
1.824.000 

68 

8.125.000 

S.OOO.OOO 

2.000.000 

71 

3.571.000 

8.000.000 

2,000.000 

74 

3.125.000 

2.812.0i>0 

1,471.000 

68 
72 
75 
70 
73 
76 

2.083.000 
1.923.000 
2.500.000 
1.923.000 
1.923.000 
1.667.000 

1,667.000 
1,875  000 
1,731.000 
1,667.000 
1,452.000 
1.286.000 

1 

77 

2.778.000 

2.500.010 

1.724.000 

80 

2.273.000 

2.368.000 

1,851,000 

83 

8.5n.000 

2.647,000 

1  250.000 

78 

3.126.000 

2.812,000 

1.282.0viO 

81 
'         79 

2.083.000 
3.000,000 
1.786.000 

1.452.000 
1,406.000 
1.864.0C0 

82 

1.389.000 

1. 184.000 

82c 

85 

86 

1.471.f00 
1.786.000 
2.778.0  0 

i!25o!o6i 

2.647  000 

89 

2.778.000 

2.647  00 

1.613,000 

92 

2  500.000 

2.045.000 

1.168,000 

87 

2  778.000 

2.500. COO 

1.351.000 

90 
98 
88 

91 
94 

2.273.000 
2.778.000 
2.500.000 
2.273.000 
1.471.000 

2.143.000 
1.875.000 
2.045.000 
1.607.000 
1,216,000 

95 

2.500.000 

2. 308. COO 

T. 471. 000 

98 

2.273.000 

2,2,^0.00:) 

1.282.000 

101 

3.571.000 

2.143.000 

96 

3.125.000 

2. 81.'. 000 

i,724,006 

99 
102 

97 
100 
103 

2.778.000 

1.667.000 

1.:?  89. 000 
1  O'«i.0<  0 

2,143.000 
1.667,000 

i!o46!o66 

104 

2.r.i'o.ooo 

2.500  OOO 

2  174 .000 

104a 

2  778.000 

2.368.0O0 

1  351.000 

107 

3  571.000 

3  461. < 00 

1.724.Q0O 

110 

2.273.000 

1.956.000 

• 

105 

3  tr>.0')0 

2.vrf.000 

1.389.000 

lOS 

2  '00  000 

2.M3  000 

1.163.000 

111 
106 
109 
112 
113 
115 
116 

1  *^  '3  <i<)0 

1  'tj:?.0<iO 
'  .-.6:  o<  0 
1  :'.it'..o<>» 

2  't\3  000 
1  316  000 
1  r/u.t\o 

1.73'  0  0 
1.364  000 

» 

1 

1..u«  000 
1.200  0  0 

1  i.'.':.foo 

" 

I  38"). 000 

119 

'1   '.'"O.tMM) 

1  ST.'.noO 

1.0?0  (^ 

122 

i  -ll    .(V.0 

1    SH).    00 

833.000 

117 

1  471.000 

1     64  0(M) 

1.042.000 

120 

I  I'.'.o  IW) 

i.2r,o.ooo 

128 
118 
121 

1  2r»o.o<.o 

1.042.n00 
1.0.S7.000 

1.1  4     00 

804. 0<'' 

... 
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TABLE  No.  17— (Concluded). 
Moduli  of  Elasticity  of  Concrete  and  Cement  Mortar  Cubes. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


MARKS. 

MoDuu  or  Blarticity  Bktwbbm  Loads,  in  Pouitds  Pkb  Squabb 

Inch  of— 

100  and  600. 

100  and  1000. 

1000  and  2000. 

121c 

lbs. 
735,000 
735.000 
8.571.000 
1.923,000 
2.500,0d6 
8.125.000 
2.045.000 
2,500.000 
2,083,000 
1,562,000 
1,786.000 
1,667.000 
1.000,000 

lbs. 

lbs. 

124 
126 
128 
126 
127 

2i566io66 
1,956,000 
1,956.000 
1,875.000 
1.260.000 
2.250,000 
2,045.000 
1.406.000 
1,875.000 
1,731.000 
1,154,000 

ii928io66 
2,083,000 
1,250,000 

130 
184 
135 
186 
143 
144 
146 

2^8811666 
1,724.000 

2)666io6o 

1,667.000 

J.  W.  REILLT,  Major, 

Ordinance  Department^  U.  S.  -4.,  Commanding. 
•Correct, 

J.  E.  Howard. 


Appendix. 


ILLUSTRATIONS. 


458 


Annual  Report  of  the 


TABLE  No.  17. 


Moduli  of  Elasticity  of  Concrete  and  Cement  Mortar  Cubes. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


MARKS. 


7 

7a 
12 
16 

1 
17 

8 

2 
13 
18 

9 
14 

3 
10 
10a 
15 
11 
26 
25a 

4 

19 
22. 
26 

5 

20 
23 
27 
21 
24 

6 

28 
29 
34 
39 
39a 
30 
35 
40 
31 
36 
41 
32 
37 
42 
33 
38 
43 
44 
49 
54 
45 
50 
55 
46 
51 
56 
47 
62 
57 
48 
53 
58 
59 
62 
62a 


Moduli  op  Elasticitt  Betwbkv  Loads,  ik  Pounds  Pkb  Squabi 

Inch  op— 


100  and  600. 


lbs. 
8,571,000 
1.786.000 
2,273,000 
2,083,000 
3,671,000 
1,667,000 
S.iS'S.OOO 
1,471,003 

1,662,000 
1,562.003 
1,087,000 
1.562.000 
1.389.000 
1,250,000 
1,471.000 
1.087,000 
1,786,000 
1,471,000 
2.083,000 
1.9J3.000 
3,125,000 
1,923,000 
2,500,000 
1,667,000 
1.250,000 
1,562.000 
1.786,000 
2.083,000 
1,667,000 
1.667.000 
2,273,000 
1,667,000 
1,786,000 
1,562,000 
2,083,000 
2,778.000 
2,083,000 
2,500,000 
2.083,000 
1,471,000 
1,667.000 
1,250,000 
1,667,000 
1,471.000 
1,562.000 
1,250.000 
2,778.000 
4.167.000 
2,27^,000 
2,0S3,000 
2,273,000 
2,500.000 
2.083.000 
1.786.000 
1.667,000 
1.316.000 
1,471,000 
1.562.000 
1.389,000 
1.260,000 
1,316,000 
2,500.000 
2.778.000 
1.667,000 


100  and  1000. 


lbs. 
2,812,000 
1,462.000 
2,143.000 
2,046.000 
4,091.000 
1.406,000 
2,647.000 
1,600.000 
2.143.000 
1,607,000 
1,324.000 
1,154.000 
1,667,000 
1,216,000 
1,184,000 
1.500.000 

iisooiooo 

1,216.000 
2,045,000 
1.81)0.000 
2,812,0i>0 
1,667,000 
1,966,000 
1,600.000 
1.500,000 
1,364,000 
1. 552.000 
1,667,000 
1,452.0130 
1,324.000 
2,143,000 
1,731,000 
1,800.000 
1,323,000 
1,956,01.0 
2,250,000 
1,800,  OOv) 
2,045,000 
1,667.0jO 
1,452,000 
1,364,000 

iisooiooo 

1.500.000 
1,046.000 

2',266!6o6 
2.500,000 
2,045.000 
1.875,000 
2.143.000 
1,956.000 
1.800,000 
1.500.000 
1.364.000 
1,184,000 
1.184.000 
1.286,000 
1,164.000 

ii046i660 
2,368.000 
2.600.000 
1.600,000 


1000  and  2000. 


lbs. 
1,667.0  JO 

i;429;6o6 

962.000 

2.500,000 

iiiioiooo 


1,163.000 

ii429!666 

1.282.000 
1.66.'. 000 


1.136,000 
1.087,010 
1,087,000 

iiiie.'ooo 

1,429,000 


1,087.000 
1.219,0)0 
l.lll.OOO 
l,111,OpO 
1.562.000 


1.282.000 
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TABLE  No.  17— (Oontinued). 
ModiiU  of  Elasticity  of  Concrete  and  Cement  Mortar  Cubes. 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


MARKS. 

MoDUU  OF  ELAsnciTT  Bbtwebn  Loads,  nr 

Inch  of— 

Pounds  Pbb  Squari 

loo  and  600. 

100  and  1000. 

1000  and  2o00. 

66 

60 
68 

66 

61 

64 

67 

67^ 

68 

71 

74 

68 

72 

76 

70 

73 

76 

77 

80 

83 

78 

81 

^         79 

82 

82c 

85 

86 

89 

92 

87 

90 

93 

88 

91 

94 

96 

98 

101 

96 

99 

102 

97 

100 

103 

104 

104a 

107 

110 

106 

108 

HI 

106 

109 

112 

113 

115 

116 

119 

122 

117 

120 

123 

118 

121 

lbs. 
3,125.000 
1.667,000 
1.923.000 
1.667.000 
1.316.000 
1.562.000 
1,667.000 
1.087.000 
8.125.000 
8.571.000 
3.125.000 
2.083.000 
1.923.000 
2.600.000 
1.923.000 
1.923.000 
1.667.000 
2.778.000 
2.273.000 
3.571.000 
3,125.000 
2.083.000 
3.000,000 
1.786.000 
1,389,000 
1.471,(00 
1.786.000 
2.778.0  0 
2.778.000 
2  500.000 

2  778.000 
2.273.000 
2.778.000 
2,500.000 
2,273.000 
1.471.000 
2.500.000 
2. 273.000 
3.571,000 
3,125.000 
2,778.000 

1.667.000 

1  389.000 
1  Ofwi.O/Q 
2.500.000 
2.778.000 

3  571.000 
2.273.000 
3.12.-..0O0 

2  r^oo.ooo 

1  0'3  (>00 
1  't  2:^.000 
»  .-.62  0''0 

1  ?.1<].000 

2  0S3  OOO 

1  316.000 
»   r,'17.0  0 

2  r.. 0.000 

2  2i>..(y^ 

1.471,000 
1.250  coo 
1  250.0(i0 
1.042.000 
1.0S7.000 

lbs. 
1,562,000 
1.250,000 
1,216,000 
1,216,000 

iSio.ooo 

1.824,000 

sioooiooo 

8.000,000 
2.812. OuO 
-  1,667,000 
1.875  000 
1,731,000 
1,667.000 
1,452.000 
1,286,000 
2,500.0(0 
2,368,000 
2,647,000 
2,812,000 
1,4.52.000 
1.406.000 
1.364.000 
1.184,000 

i'.256!66i 

2.647  000 
2.647  0.0 
2.045,(^)0 
2.500.(00 
2,143.000 
1.875.000 
2,045.000 
1,607,000 
1,216,000 
2. 368. COO 
2,2:>0.00) 
2,143.000 
2.812.000 
2,143,000 
1,667.000 

ii046i666 

2! 606 '666 

2,368.000 
3.461.100 
1.956. 000 
2.^12.000 
2. '43  000 
1.73'  0  0 
1.364  000 

lbs. 

2!666!6o6 

2,000.000 
1,471,000 

'i,m,m 

1,351,00U 
1  250.000 
1.282, OuO 

1.163,000 
1,351.000 

i!  471  .'666 

1.282.000 

i!724.'666 

• 

2!i74!666 

1  351.000 
1.724.000 

m 

1.389.000 
1.163.000 

« 

1 

l.:o6  000 
1.250  0  0 
1.452.(00 

1  875.000 
1  800.' 00 
1.  64.0<>0 
1.250.000 
1.1-4     00 
804. 0<» 

i*389i666 

1.020  (HK) 

833.000 

1.042.000 

_ 
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TABLE  No.  17— (Concluded). 
ModuU  of  Elasticity  of  Concrete  and  Cement  Mortar  Cubes, 

[Refer  to  Table  No.  1  for  full  history  of  blocks.] 


MARKS. 

MODUU  OF  RLAflTICITT  BBTWBBN  LOADB,  VH  POUNDS  PEB  SQUABS 

Inch  of— 

100  and  600. 

100  and  1000. 

1000  and  2000. 

121c 

lbs. 

735,000 

735,000 
8,571,000 
1,923.000 
2,600.0dO 
3,125,000 
2,045,000 
2,500.000 
2,063,000 
1,662,000 
1.786.000     • 
1,667.000 
1,000,000 

lbs. 

lbs. 

124 
126 
128 
126 
127 

2!666!o66 
1,956,000 
1,966,000 
1,875.000 
1,260,000 
2,260.000 
2,045.000 
1,406.000 
1.876,000 
1,731,000 
1,164,000 

i;923;oo6 

2,083,000 
1,260,000 

180 
184 
186 
186 
148 
144 
146 

2!88iio66 
1,724.000 

2^666iooo 

1,667.000 

J.  W.  REILLT,  Major, 

Ordinance  Depa/rtmentj  U,  S,  J..,  Commanding, 
•Correct, 

J.  E.  Howard. 
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